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Editor’s  Note 


The  Organising  Committee  of  the  Third  International  Scientific  Colloquium 
Mathematics  and  Children  persists  in  its  attempts  to  encourage  scientists  at  inter- 
national level  to  conduct  research  in  the  area  of  teaching  mathematics.  In  Croatia, 
much  like  in  Europe  and  around  the  world*,  when  drafting  the  proposal  for  the  Na- 
tional framework  curricula,  special  attention  is  given  to  the  field  of  mathematics^. 
The  mathematics  classroom  in  Croatia,  however,  faces  slow  changes  regarding 
strategic  and  organisational  goals,  as  well  as  social  and  technical  conditions  of 
education.  Principally  well-set  tasks  (introducing  unsplit  schedule  into  primary 
schools,  broader  inclusion  of  children  with  special  needs  - both  the  gifted  ones  and 
those  with  difficulties  into  regular  public  instruction,  assigning  assistants  to  pupils 
with  special  needs,  organising  extended  daycare  for  all  interested  pupils,  healthy 
meals  in  schools,  higher  mobility  of  pupils  and  teachers)  are  not  successfully  im- 
plemented due  to  the  poor  economic  situation.  Negative  atmosphere  of  hesitation 
is  mirrored  in  the  results  of  much  research  in  mathematics  teaching. 

For  example,  the  focus  of  PISA  research^,  OECD’s  international  programme 
for  the  assessment  of  knowledge  and  skills  of  fifteen-year-olds  conducted  in  2009  in 
65  countries  around  the  world,  32  of  which  are  members  of  OECD,  were  students’ 
competences  in  reading,  mathematics  and  science  proficiency.  Reading  compe- 
tences of  the  participants  were  assessed  on  six  levels.  The  results,  made  public 
in  December  2010,  bring  up  many  questions  which  in  Croatia  must  be  answered 
in  a quick  and  ingenious  fashion.  Within  this  reserach  the  result  that  causes  most 
concern  is  that  27%  of  participants  from  Croatia  never  read  for  pleasure,  and  more 
than  57%  claim  to  read  only  in  order  to  find  specific  information  [8, 15-19] . What  is 
positive  is  that  PISA  reserach  includes  countries  of  different  educational  strategies 
and  social  systems.  In  this  way  it  is  possible  to  critically  learn  from  compara- 
tive analyses  of  student  achievements,  in  view  of  the  turning  points  in  education 
in  countries  which  have  between  two  instances  of  research  achieved  statistically 
significant  improvement. 

Yet,  do  we  learn  fast  enough?  Despite  all  the  changes  attempted  in  higher 
education"*  and  science^,  the  society  in  Croatia  is  still  at  the  crossroads  in  search 

* Key  Competences  for  LifelongLearning- European  reference  framework  http : //ec . europa . eu/ 
dgs/education_culture/publ/pdf /II-learning/keycomp_en.pdf 

^ Prijedlog  Okvirnog  matematickog  kurikula,  radna  skupina  Hrvatskoea  matematickoaa  drustva, 
Poucak  X(38)  2009.,  4-20. 

^ PISA  (Programme  for  International  Student  Assesment)  program-medunarodno  procjenjivanje 
znanja  i vjestina  petnaestogodisnjih  ucenika 

"*  Londonska  ministarska  konferencija  o Bolonjskom procesu  odrzana  17.  i 18.  05.  2007.,dostupno 
4.  02.  2011.,  http/ /public  .mzos  .hr/fgs  . axd?id=  12926 . 

^ Pravilnik  o znanstvenim  i umjetnickim  podrucjima,  poljima  i granama  (NN  78/08)  od  22.  09. 
2009. 


of  the  right  path.  The  defining  of  educational  areas  and,  in  connection  to  that,  the 
enactment  of  Framework  national  curricula  with  clearly  defined  learning  outcomes 
for  each  field  and  each  term,  including  lifelong  learning,  is  of  strategic  interest 
for  every  country.  However,  this  is  only  a part  of  work  still  to  be  done  within  the 
educational  system  in  the  Republic  of  Croatia.  The  changes  in  education  should  be 
aligned  with  strategic  guidelines  in  economy  (which,  unfortunately,  does  not  have  a 
well-defined  direction)  and  the  uniqueness  of  our  natural  and  social  resources.  The 
school  needs  to  become  and  remain  the  fruitful  soil  for  motivated  personalities  with 
interest  to,  by  means  of  acquired  knowledge  and  skills,  take  charge  of  the  situation 
in  production,  economy,  culture,  art  or  politics,  and  then,  in  accord  with  their  own 
ability,  better  the  society  as  a whole.  Economy  and  science,  institutes  and  faculties, 
should  synergise  to  create  a type  of  instruction  implemented  by  competent  teachers 
in  order  for  children  and  students  to  change  the  ways  of  society  as  soon  as  possible 
- for  the  better  [5] . 

New  technologies  in  the  classroom  also  require  changes  in  methodology  of 
(mathematics)  education,  of  both  children  and  students,  especially  those  involved 
in  teacher  studies  [1] . The  development  of  intelligent  systems  in  the  educational 
domain  naturally  implies  the  presence  of  a skilled  teacher  equipped  for  their  im- 
plementation in  practice.  Faculties  of  teacher  education  need  to,  without  delay 
and  by  means  of  flexible  programmes  and  resources,  lead  the  way  to  modern  ed- 
ucation of  students  - mastering  of  tutor  systems  which  can  be  used  for  learning 
support  and  acquisition  of  new  knowledge  and  skills,  integrating  multimedia  in  the 
classroom  and  personalising  the  approach  to  pupil  (student)  [6].  Long  distance 
learning,  the  usage  of  expert  systems  for  recognising  gifted  pupils  with  the  interest 
of  encouraging  their  development,  as  well  as  other  forms  of  artificial  intelligence, 
are  imperatives  of  this  age  [4].  Simultaneously,  the  market  is  overwhelmed  with 
programme  languages,  tools,  and  educational  computer  games.  Are  we  capable 
of  successfully  classifying  them  according  to  their  function?  Are  we  sure  that  the 
computer  games  currently  on  the  market  have  been  scientifically  and  professionally 
verified  for  possible  application  in  the  (mathematics)  classroom?  Do  the  available 
games  intended  for  fun  really  have  no  bad  influence  on  a child’s  health  and  their 
inner  world?  Such  and  similar  questions  are  raised  by  teachers  and  parents  who 
are  in  need  of  scientific  answers. 

Numerous  legal  sources  of  the  European  Union  contribute  to  the  easier  co- 
ordination of  the  national  legislation  in  the  area  of  special  interest  to  people  with 
disabilities.  Teachers  are  expected  to  more  formally  be  familiar  with  some,  for  ex- 
ample the  Council  Resolution  put  forth  on  May  5 2003  regarding  equal  education 
opportunities  for  pupils  and  students  with  disabilities  320030604(01)^.  In  our  so- 
ciety there  are  approximately  10  — 15%  of  children  with  special  needs,  who,  along 
with  their  families,  expect  some  support  from  the  community  when  their  education 
is  concerned  [2] . Besides  the  regulation  of  legal  and,  subsequently,  material  issues 
for  people  with  disabilities,  it  is  necessary  to  equip  students  of  teacher  studies  with 
knowledge  and  skills  required  to  recognise,  educate  and  bring  up  children  with 
dyscalculia,  dyslexia,  dysgraphia  or  simply  attention  deficit  disorder  [3] . Are  the 
faculties  of  teacher  education  ready  for  educating  students  in  this  field?  Students 

® Nacionalna  strategija  izjednacavanja  mogucnosti  za  osobe  s invaliditetom  od  2007.  do  2015., 
Vlada  RH,  Zagreb,  2007. 


in  this  respect  ask  for  more!  What  are  experiences  of  school  teachers?  Can  any 
of  the  omissions  be  compensated  for  within  lifelong  education  of  teachers,  and  in 
which  manner,  is  yet  another  question  that  requires  a speedy  answer. 

It  is  necessary  to  systematically  review  approaches  to  educating  (mathematics) 
teachers,  however,  even  more  important  is  the  readiness  of  the  programme  creators 
to  implement  inventive  change  [7,  21-34]. 

Nowadays  the  society  and  academic  community  expect  a great  deal  from  teach- 
ers. On  the  other  hand,  this  goes  hand  in  hand  with  the  essence  of  the  profession.  In 
children’s  play  little  leaders  still  often  and  gladly  identify  with  the  role  of  a teacher 
if  they  want  to  control  the  group.  For  children  of  younger  school  age  in  particular, 
the  teacher  becomes  a role  model  in  every  aspect.  Yet,  the  tasks  that  are  imposed 
on  the  teacher  by  the  society,  and  for  which  they  are  during  their  studies  neither 
theoretically,  nor  practically  equipped,  become  a real  burden  in  practice.  It  is  in 
the  interest  of  general  well-being  of  our  children,  and  the  progress  of  society  as  a 
whole,  that  faculties  of  teacher  education  become  aware  of  their  responsibility  and 
educate  the  teacher  of  tomorrow. 

Likewise,  faculties  of  teacher  education  are  expected  to  create  doctoral  study 
programmes  directed  towards  the  scientific  promotion  of  teachers.  The  academic 
community  is  required  to  give  every  teacher  the  opportunity  for  scientific  advance- 
ment.This  task  became  more  realistic  in  2009  when  the  National  Science  Council 
expanded  its  Statute  on  areas,  fields  and  branches  of  science  and  arts.  This  statute 
includes  in  1.  Areas  of  natural  science  the  field  of  1.07.  Interdisciplinary  natu- 
ral science  accompanied  by  the  branch  1.07.01  Teaching  methodology  in  natural 
science.  In  addition  to  that,  there  is  a new  8.  Interdisciplinary  area  of  science  (sci- 
ence; arts)  with  a field  8.05.  Educational  science,  within  which  are,  among  others, 
listed  disciplines  of  pedagogy.  However,  according  to  the  Statute  on  changes  and 
additions  to  the  Statute  on  conditions  for  entering  scientific  vocations  (NN  71/10) 
within  8.  Interdisciplinary  area  of  science  it  is  also  possible  to  enter  scientific  vo- 
cations by  combining  criteria  for  two  (or  more)  fields  in  different  scientific  areas 
(for  example,  for  mathematics  teaching  methodology  the  appropriate  combination 
might  be  1.01  mathematics  and  5.07  pedagogy). 

Currently  there  is  a list  being  compiled  with  appropriate  scientific  journals 
which  accept  contributions  on  teaching  mathematics  within  the  aforementioned 
fields.  However,  this  still  does  not  solve  all  the  problems  for  teachers  of  mathe- 
matics who  want  to  do  scientific  research  in  teaching  (mathematics) , and  faculties 
of  teacher  education  which  are  expected  to  create  such  programmes.  Because  the 
declarative  confession  supposes  that  research  in  mathematics  embraces  multidisci- 
plinary and  interdisciplinary  approaches,  it  is  important  to  create  doctoral  studies 
which  will  allow  participants  to  take  part  in  such  programmes,  though  we  still  sup- 
port the  attitude  that  development  of  mathematics  teaching  methodology  should 
remain  within  the  boundaries  of  mathematical  teaching  practice. 

While  reading  the  works  which  deal  with  the  issue  of  being  a teacher,  we  find 
that  the  society  has  always  focused  more  on  what  is  expected  from  a teacher,  rather 
than  ensuring  them  a high  quality  of  education,  better  living  conditions,  or  a more 
agreeable  status  in  society.  This  subject  is  often  brought  up  by,  for  example,  Croat- 


ian  novelists’,  as  well  as  those  from  around  the  world^,  celebrated  fdm  actors^,  and 
occasionally  we  also  find  romantic  sketches  on  the  subject  of  teacher  in  poems. 

Within  the  colloquia  Mathematics  and  Children  we  continue  to  honour  teach- 
ers and  scientists  in  the  field  of  mathematics  who  have  sprung  from  our  midst, 
given  a great  contribution  to  teaching  and  popularising  mathematics,  and  who  are 
no  longer  present  among  us.  At  the  first  conference  we  talked  about  the  life  and 
work  of  prof.  dr.  sc.  Boris  Pavkovic  (1931.-2006.).  During  the  second  one 
we  marked  the  hundred-year  anniversary  of  academician  Stanko  Bilinski  (1909.  - 
1998.)  by  providing  comments  and  analysis  of  his  article  which  is  of  topical  interest 
even  today,  ’Shall  we  study  mathematics?’,  published  in  1959  in  the  Mathematics 
and  Physics  Paper  with  the  intention  to  encourage  pupils  to  enroll  mathemamatics 
studies.  Unfortunately,  during  the  previous  years  Croatia  has  lost  a number  of  dis- 
tinguished mathematicians  who  have  contributed  greatly  to  teaching  mathematics. 
These  contributions  can  be  roughly  divided  into  two  crucially  different,  yet  insep- 
arable wholes.  Two  leading  figures  in  mathematics  - prof.  dr.  Svetozar  Kurepa 
(1929.-2010.)  and  prof.  dr.  Kresimir  Horvatic  (1930.-2008.)  have  in  this  area 
(Osijek)  initiated,  organised  and  coordinated  the  implementation  and  realisation  of 
supplementary  studies  in  teaching  mathematics  during  the  1970’s  and  1980’s  at  the 
Department  of  Mathematics  of  the  Faculty  of  Science  in  Zagreb.  The  supplemen- 
tary studies  gave  the  opportunity  for  a hundred  participants  to  receive  the  diploma 
for  teaching  mathematics,  which  resulted  in  a far-reaching  incentive  for  economic 
and  scientific  growth  in  Slavonia,  Baranja  and,  partially,  Bosnia  and  Herzegovina. 
The  second  group  of  mathematicians  will  be  mostly  remembered  for  the  brilliant 
books  they  wrote,  their  journals  and  magazines,  and  activities  done  in  order  to 
popularise  mathematics,  as  well  as  their  scientific  contribution  to  teaching  math- 
ematics. Those  are  the  aforementioned  professor  Boris  Pavkovic  (1931.-2006.) 
and  academician  Bilinski  (1909.-1998.),  as  well  as  Dominik  Palman  (1924.- 
2006.),  Vladimir  Devide  (1925.-2010.)  and  Zdravko  Kurnik  (1937.-2010.),  all 
professors  at  the  Department  of  Mathematics  of  the  Faculty  of  Science  in  Zagreb. 
Worldwide,  there  is  also  news  that  a great  opus  has  been  completed  by  the  famous 
populariser  of  mathematics  Martin  Gardner  (1914.-2010.). 

Accordingly,  popularising  mathematics  plays  an  important  part  in  motivating 
pupils  and  students  to  do  mathematics.  This  is  particularly  an  important  and  vital 
question  when  considering  the  children  of  early,  pre-school  and  younger  school 
age.  We  are,  therefore,  proud  that  one  of  the  intiatives  of  the  participant  of  the 
first  conference  Mathematics  and  Children  has  reached  its  closing.  Our  nominee 
for  the  state  award  for  science  awarded  by  the  Ministry  of  Science,  Education  and 
Sports  in  the  year  2007,  dr.  sc.  Mirko  Polonijo,  full  professor  at  the  Department 
of  Mathematics  of  the  Faculty  of  Science,  University  of  Zagreb,  is  the  recipient  of 
this  award!  We  are  happy  to  know  that  the  award  for  the  year  2007  was  given  to 
professor  Mirko  Polonijo  for  popularising  and  promotion  of  mathematics  among 
the  young. 

^ Senoa,  August.,  Branka,  Alfa,  Zagreb,  2008. 

* Frank  Me  Courta,  Ucitelj  {Teacher  Man),  Algoritam,  Zagreb,  2008. 

^ Sidney  Poitier  u ulozi  ucitelja  Marka  Thackeraya  u engleskoj  filmskoj  drami.  To  Sir,  with  Love 
(1967). 

Dragutin  Tadijanovic,  Da  sam  ja  uciteljicaj j Pjesme  i proza/Dragutin  Tadijanovic.Za- 
greb:Matica  Hrvatska;Zora,1969.  sir.  134. 


The  Organising  Committee  of  the  Third  Scientific  Colloquium  Mathematics 
and  Children  has  chosen  as  the  central  topic  of  the  conference  The  Math  Teacher, 
which  includes  current  issues  from  the  professional,  scientific  and  everyday  sor- 
roundings  of  a teacher  of  mathematics.  It  is  hereby  important  to  know  that  the  term 
teacher  denotes  a person  who  teaches,  and  the  context  of  each  work  will  reveal 
whether  this  implies  a teacher  in  a pre-school  institution,  school  or  a university 
instructor. 

We  believe  that  the  presentations,  discussion  and  exchange  of  experience  of 
host  and  foreign  presenters  at  the  Third  Scientific  Colloquium  Mathematics  and 
Children  will  encourage  and  strengthen  scientific  cooperation  in  the  field  of  edu- 
cation, work  and  position  of  the  teacher  of  mathematics  within  the  boundaries  of 
professional,  cultural,  academic  - shortly,  diverse  community. 

On  behalf  of  the  Organising  Committee  and  myself,  I would  like  to  thank  all 
the  present  persons  for  the  time  dedicated  to  the  exchange  of  opinions  and  ideas. 
Also,  we  would  like  to  thank  the  officials  and  hard-working  enterpreneurs  of  the 
local  community,  as  well  as  the  Ministry  of  Science,  Education  and  Sports  of  the 
Republic  of  Croatian  for  providing  financial  support  vital  for  the  organisation  of 
this  conference. 


Osijek,  March  18,  2011 


Margita  Pavlekovic 
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Rijec  urednice 


Organizacijski  odbor  Trecega  medunarodnoga  znanstvenoga  kolokvija  Matem- 
atika  i dijete  ustrajava  u poticanju  znanstvenika  na  medunarodnoj  razini  u is- 
trazivanjima  iz  podrucja  nastave  matematike.  U Hrvatskoj  se,  po  ugledu  na  Europu 
i svijet* , pri  izradi  prijedloga  Nacionalnoga  okvira  kurikula  posebna  pozornost  pri- 
daje  podrucju  matematike^.  U nastavi  se  matematike  u Hrvatskoj  Jos  uvijek  sporo 
mijenjaju  strateski  i organizacijski  ciljevi  te  socijalni  i tehnicki  uvjeti  odgoja  i obra- 
zovanja.  Deklarativno  dobro  postavljene  zadace  (uvodenje  jednosmjenske  nastave 
u osnovne  skole,  sveobuhvatnija  inkluzija  djece  posebnih  potreba - darovitih  i onih  s 
teskocama  u redovite  odjele,  dodjeljivanje  asistenata  ucenicima  posebnih  potreba, 
organizacija  produzenoga  boravka  za  sve  zainteresirane  ucenike,  ponuda  zdrave 
prehrane  u skolama,  veca  pokretljivost  ucenika  i ucitelja)  zbog  losih  gospodarskih 
prilika  ne  zazivljavaju.  Negativne  konotacije  oklijevanja  zrcale  se  u rezultatima 
mnogih  istrazivanja  iz  nastave  matematike. 

Primjerice,  u tezistu  PISA  istrazivanja^,  OECD-ova  medunarodnoga  programa 
za  procjenu  znanja  i vjestina  petnaestgodisnjaka  koje  je  provedeno  2009.  godine  u 
65  zemalja  svijeta  od  kojih  su  32  clanice  OECD-a,  bile  su  ucenicke  kompetencije 
u citalackoj,  matematickoj  i prirodoslovnoj  pismenosti.  Citalacke  kompetencije 
ispitanika  procjenjivale  su  se  na  sest  razina.  Rezultati  objavljeni  u prosincu  2010. 
zahtijevaju  otvaranje  niza  pitanja  na  koja  u Hrvatskoj  moramo  brzo  i domisljeno 
odgovoriti.  Iz  toga  istrazivanja  najvise  zabrinjava  podatak  da  27%  ispitanika  iz 
Hrvatske  nikada  ne  cita  iz  zadovoljstva,  a vise  od  57%  ih  izjavljuje  da  cita  samo 
kako  bi  pronasli  odredenu  informaciju  [8,  15-19].  Dobro  je  sto  u PISA  istrazivanju 
sudjeluju  zemlje  razlicitih  obrazovnih  strategija  i drustvenih  uredenja.  Tako  je 
moguce  kriticki  uciti  iz  usporednih  analiza  ucenickih  postignuca  s jedne  strane, 
prema  ucinjenim  zaokretima  u obrazovanju  u onim  zemljama  koje  su  izmedu  dvaju 
razdoblja  ispitivanja  postigle  statisticki  znacajnija  poboljsanja. 

No,  ucimo  li  dovoljno  brzo?  Unatoc  poduzetim  promjenama  u visokom 
obrazovanju^  i zanosti^  drustvo  u Hrvatskoj  jos  uvijek  tapka  na  raskrizju  izbora 
pravoga  puta.  Defmiranje  obrazovnih  podrucja  te  s tim  u vezi  donosenje  Okvira 

* Key  Competences  for  LifelongLearning- European  reference  framework  http : //ec . europa . eu/ 
dgs/education_culture/publ/pdf /II-learning/keycomp_en.pdf 

^ Prijedlog  Okvirnog  matematickog  kurikula,  radna  skupina  Hrvatskoea  matematickosa  drustva, 
Poucak  X(38)  2009.,  4-20. 

^ PISA  (Programme  for  International  Student  Assesment)  program-medunarodno  procjenjivanje 
znanja  i vjestina  petnaestogodisnjih  ucenika 

^ Londonska  ministarska  konferencija  o Bolonjskom  procesu  odrzana  17.  i 18.  05.  2007.,dostupno 
4.  02.  2011.,  http/ /public  .mzos  .hr/fgs  . axd?id=  12926 . 

^ Pravilnik  o znanstvenim  i umjetnickim  podrucjima,  poljima  i granama  (NN  78/08)  od  22.  09. 
2009. 


nacionalnoga  kurikula  s prepoznatim  ishodima  ucenja  za  svako  podrucje  i svako 
obrazovno  razdoblje,  ukljucujuci  i cjelozivotnu  izobrazbu  strateskoga  je  interesa 
svake  zemlje.  No,  to  je  tek  dio  posla  unutar  sustava  obrazovanja  u RH  koji  Jos  uvijek 
stoji  pred  nama.  Promjene  u obrazovanju  trebalo  bi  uskladiti  sa  strateskim  smjerni- 
cama  u gospodarstvu  (koje  na  zalost  nema  defmiran  pravac  razvoja)  i posebnostima 
nasih  prirodnih  i drustvenih  resursa.  Skola  treba  postati  i ostati  rasadnik  motiviranih 
licnosti,  zainteresiranih  da  znanjem  i vjestinama  ovladaju  prilikama  u proizvodnji, 
gospodarstvu,  kulturi,  umjetnosti,  politici  pa  potom,  u skladu  sa  svojim  mogucnos- 
tima  unaprjeduju  drustvo  u cjelini.  Privreda  i znanost,  instituti  i fakulteti  trebali 
bi  skladnom  suradnjom  kreirati  nastavu  vodenu  od  kompetentnih  ucitelja  kako  bi 
djeca  i studenti  sto  ranije  mijenjali  zbivanja  u drustvu  - nabolje  [5]. 

Nove  tehnologije  u nastavi  takoder  iziskuju  promjene  u metodologiji  (mate- 
matickoga)  obrazovanja,  kako  djece  tako  i studenata,  osobito  uciteljskih  studija 
[1].  Razvojem  inteligentnih  sustava  u domeni  obrazovanja  prirodno  je  ocekivati 
osposobljenog  ucitelja  za  njihovu  primjenu  u praksi.  Nastavnicki  fakulteti  bez 
odlaganja  trebaju  fleksibilnim  programima  i resursima  predvoditi  suvremenu  izo- 
brazbu studenata  - ovladavanje  tutorskim  sustavima  koji  mogu  biti  potpora  ucenju 
i svladavanju  novih  znanja  i vjestina,  ukljucivanje  multimedije  u nastavu  te  person- 
alizirani  pristup  uceniku  (studentu)  [6].  Ucenje  na  daljinu,  koristenje  ekspertnih 
sustava  za  prepoznavanje  darovitih  ucenika  s ciljem  poticanja  njihova  razvoja,  ali 
i drugih  oblika  umjetne  inteligencije  imperativi  su  vremena  [4].  Istodobno,  trziste 
je  preplavljeno  programskim  jezicima,  alatima,  edukativnim  racunalnim  igrama. 
Jesmo  li  ih  u stanju  dobro  klasificirati  s obzirom  na  primjenu?  Jesmo  li  sigurni 
da  su  racunalne  igrice  koje  kolaju  trzistem  prosle  znanstvenu  i strucnu  provjeru  za 
mogucu  primjenu  u nastavi  (matematike)?  Jesu  li  raspolozive  igrice  namijenjene 
zabavi  doista  bez  loseg  utjecaja  na  djetetovo  zdravlje  i njegov  unutarnji  svijet?  Na 
ova  i slicna  pitanja  ucitelji  iz  prakse,  ali  i roditelji  traze  znanstvene  odgovore. 

Brojni  pravni  izvori  Europske  unije  pridonose  laksem  uskladivanju  nacio- 
nalnoga zakonodavstva  na  podrucju  od  posebnoga  interesa  za  osobe  s invalidite- 
tom.  Od  ucitelja  se  ocekuje  temeljitije  poznavanje  primjerice  Rezolucije  Vijeca 
od  5.  svibnja  2003.  o jednakim  mogucnostima  obrazovanja  i izobrazbe  za  ucenike 
i studente  s invaliditetom  320030604(01)^.  U drustvu  ima  oko  10  — 15%  djece 
s teskocama,  koji  zajedno  sa  svojim  obiteljima  ocekuju  od  drustvene  zajednice 
podrsku  u obrazovanju  [2].  Osim  uredivanja  pravnih  pa  onda  i materijalnih  pitanja 
za  osobe  s invaliditetom,  nuzno  je  studente  uciteljskih  studija  osposobiti  za  pre- 
poznavanje, obrazovanje  i odgoj  djece  s diskalkulijom,  disleksijom,  disgrafijom 
ili  samo  poremecajem  paznje  [3].  Jesu  li  nastavnicki  fakulteti  dorasli  edukaciji 
studenata  u ovom  podrucju?  Studenti/ce  traze  u ovom  segmentu  vise!  Sto  o tome 
govore  ucitelji  iz  prakse?  Moze  li  se  sto  od  propustenoga  popraviti,  i na  koji  nacin 
u okviru  cjelozivotne  izobrazbe  ucitelja,  jos  je  jedno  pitanje  na  koje  treba  sto  prije 
odgovoriti. 

Neophodno  je  sustavno  preispitivanje  pristupa  obrazovanju  ucitelja  (matem- 
atike), ali  je  jos  vaznija  spremnost  kreatora  programa  na  provodenje  domisljenih 
promjena  [7,  21-34]. 

® Nacionalna  strategija  izjednacavanja  mogucnosti  za  osobe  s invaliditetom  od  2007.  do  2015., 
Vlada  RH,  Zagreb,  2007. 


Danas  drustvo  i akademska  zajednica  iznimno  mnogo  ocekuju  od  ucitelja.  S 
druge  strane,  moglo  bi  se  reci  da  je  to  konstanta  kroz  povijest  u bitku  toga  zvanja. 
U djecjim  igrama  mali  predvodnici  jos  se  uvijek  cesto  i rado  poistovjecuju  s ul- 
ogom  ucitelja/ice  kada  nastoje  ovladati  skupinom.Osobito  za  mladu  skolsku  dob 
ucitelj/ica  postaje  uzorom  u svakom  pogledu.  No,  zadatci  koje  drustvo  stavlja 
pred  ucitelja,  a za  koje  tijekom  studija  nije  ni  teorijski,  niti  prakticno  osposobljen, 
postaju  ozbiljan  teret  u praksi.  U interesu  sveopceg  boljitka  nase  djece,  ali  i napretka 
drustva  u cjelini  iznimno  je  vazno  da  uciteljski  fakulteti  osvjeste  svoju  odgovornost 
i obrazuju  ucitelja  sutrasnjice. 

Takoder  se  od  uciteljskih  fakulteta  ocekuje  da  kreiraju  programe  doktorskih 
studija  usmjerenih  znanstvenom  napredovanju  ucitelja.  Akademska  zajednica 
duzna  je  dati  svakom  ucitelju  realnu  priliku  da  znanstveno  napreduje.Taj  zadatak 
postao  je  izglednijim  2009.  godine  kada  je  Nacionalno  vijece  za  znanost  prosir- 
ilo  Pravilnik  o znanstvenim  i umjetnickim  podrucjima,  poljima  i granama.  Tim 
pravilnikom  u okvim  1.  Podrucja  prirodnih  znanosti  javlja  se  polje  1.07.  Inter- 
disciplinarne  prirodne  znanosti  s granom  1.07.01  Metodika  nastavnih  predmeta 
prirodnih  znanosti.  Osim  toga,  usustavljeno  je  novo  8.  Interdisciplinarno  po- 
drucje  znanosti  (znanost;  umjetnost)  s poljem  8.05.  Obrazovne  znanosti,  gdje  se, 
izmedu  ostaloga  nabrajaju  pedagoske  discipline.  No,  prema  Pravilniku  o izmje- 
nama  i dopunama  Pravilnika  o uvjetima  za  izbor  u znanstvena  zvanja  (NN  71/10) 
unutar  8.  Interdisciplinarnoga  podrucja  znanosti  moguce  je  takoder  napredovati 
u znanstvenim  zvanjima  kombinirajuci  kriterije  za  dva  ili  vise  izbornih  polja  iz 
razlicitih  znanstvenih  podrucja  (primjerice,  za  metodiku  matematike  prikladna 
kombinacija  mogla  bi  bid  1.01  matematika  i 5.07  pedagogija). 

Ovih  dana  radi  se  na  izradi  liste  s popisom  odgovarajucih  znanstvenih  casopisa 
koji  prihvacaju  znanstvene  radove  iz  metodike  matematike  u okvirima  spomenutih 
polja.  No,  time  jos  uvijek  nisu  rijesena  sva  pitanja  za  ucitelje  matematike  koji  zele 
znanstveno  napredovati  upodrucju  nastave  (matematike)  i uciteljskih/nastavnickih 
fakulteta  od  kojih  se  ocekuje  da  kreiraju  takve  programe.  S deklarativnoga  priznanja 
da  istrazivanja  u nastavi  matematike  pretpostavljaju  multidisciplinarnost  i interdis- 
ciplinarnost  vazno  je  u kreiranju  doktorskih  studija  zainteresiranima  osigurati  takve 
programe,  iako  i dalje  ustrajavamo  na  tomu  da  razvoj  metodike  matematike  treba 
njegovati  u okvirima  matematicke  struke. 

Citajuci  djela  s problematikom  ucitelj,  nalazimo  da  se  drustvo  oduvijek  vise 
bavilo  ocekivanjima  od  ucitelja,  a manje  osiguranjem  kvalitete  njegove  izobrazbe, 
uvjetima  zivota,  statusom  u drustvu.  O tome  nam  govore  primjerice  romanopisci 
iz  Hrvatske^  i svijeta^,  proslavljeni  glumci  iz  fdmova^  a samo  ponekad  nailazimo 
i na  romanticarske  crtice  o temi  ucitelj  u poeziji.**' 

Na  kolokvijima  Matematika  i dijete  nastavljamo  sjecanjima  i zahvalom  uci- 
teljima  i znanstvenicima  matematike  koji  su  potekli  iz  nase  sredine,  dali  veliki 

^ Senoa,  August.,  Branka,  Alfa,  Zagreb,  2008. 

* Frank  Me  Courta,  Ucitelj  {Teacher  Man) , Algoritam,  Zagreb,  2008. 

^ Sidney  Poitier  u ulozi  ucitelja  Marka  Thackeraya  u engleskoj  filmskoj  drami,  To  Sir,  with  Love 
(1967). 

Dragutin  Tadijanovic,  Da  sam  ja  uciteljica  Pjesme  i proza/Dragutin  Tadijanovic.  Zagreb: 
Matica  Hrvatska;  Zora,  1969.  str.  134. 


doprinos  u nastavi  i popularizaciji  matematike,  a kojih  vise  nema.  Na  prvom  skupu 
govorili  smo  o zivotu  i djelu  prof.  dr.  sc.  Borisa  Pavkovica  (1931.-2006.).  Na 
drugom  smo  skupu  povodom  stogodisnjice  rodenja  akademika  Stanka  Bilinskoga 
(1909.  - 1998.)  komentirali  i analizirali  njegov,  i danas  aktualni  clanak  “Hocemo 
li  studirati  matematiku?”  objavljen  1959.  u Matematicko-fizickom  listu,  a ko- 
jim  se  ucenici  poticu  na  upis  studija  matematike.  Na  zalost,  u zadnjih  nekoliko 
godina  Hrvatska  je  ostala  bez  niza  uglednih  matematicara  koji  su  dali  veliki  do- 
prinos nastavi  matematike.  Taj  doprinos  mozemo  grubo  podijeliti  u dvije  bitno 
razlicite,  ali  ipak  nerazdvojne  cjeline.  Dva  su  matematicka  velikana  - prof.  dr. 
Svetozar  Kurepa  (1929.-2010.)  i prof.  dr.  Kresimir  Horvatic  (1930.-2008.) 
na  ovim  prostorima  (Osijeku)  pokrenuli,  organizrali  i koordinirali  provedbu  i 
realizaciju  dopunskoga  studija  iz  matematike  nastavnoga  smjera  sedamdesetih  i 
osamdesetih  godina  prosloga  stoljeca  ispred  Matematickoga  odjela  Prirodoslovno- 
matematickoga  fakulteta  iz  Zagreba.  Dopunskim  studijem  stotinjak  je  polaznika 
steklo  visoku  strucnu  spremu  i diplomu  ucitelja  matematike.  Time  je  ucinjen 
dalekosezni  poticaj  strucnom,  znanstvenom  i gospodarskom  zamahu  na  prostorima 
Slavonije,  Baranje  i dijelu  Bosne  i Hercegovine.  Drugu  skupinu  matematicara 
ponajprije  cemo  pamtiti  po  sjajnim  knjigama,  casopisima,  provedbi  matematickih 
natjecanja,  kvizova  te  drugih  aktivnosti  s ciljem  popularizacije  matematike,  ali 
i znanstvenoga  doprinosa  nastavi  matematike.  To  su  vec  spomenuti  profesor 
Boris  Pavkovic  (1931.-2006.)  i akademik  Bilinski  (1909.-1998.),  zatim  Do- 
minik  Pal  man  (1924.-2006.)  i Zdravko  Kurnik  (1937.-2010.),  redom  profesori  s 
Matematickoga  odjela  Prirodoslovno-matematickoga  fakulteta  u Zagrebu.  Posebna 
zahvala  pripada  i osebujnoj  osobi  - matematicaru,  knjizevniku  i japanologu,  koji 
je  radio  na  Fakultetu  strojarstva  i brodogradnje  prof.  dr.  sc.  Vladimiru  Devideu 
(1925.-2010.).  Zaljubljenik  u matematiku  i umjetnost  uvijek  je  nalazio  vremena 
pisati  za  najmlade.  U si  rim  krugovima  u svijetu  odjeknula  je  i vijest  da  je  svoja 
djela  zaokruzio  i veliki  popularizator  matematike,  Martin  Gardner  (1914.-2010.). 

Popularizacija  matematike  igra  vaznu  ulogu  u motivaciji  ucenika  i studenata 
za  bavljenje  matematikom.  Osobito  je  to  vazno  i osjetljivo  pitanje  kada  su  u 
zaristu  pozornosti  djeca  rane,  predskolske  i mlade  skolske  dobi.  Stoga  nas  raduje 
sto  su  jednu  inicijativu  pokrenuli  sudionici  Prvoga  medunarodnoga  znanstvenoga 
kolokvija  Matematika  i dijete  i uspjesno  priveli  kraju.  Nas  predlozenik  drzavne 
nagrade  za  znanost  Ministrastva  znanosti  obrazovanja  i sporta  u 2007.  godini, 
dr.  sc.  Mirko  Polonijo,  redoviti  profesor  u trajnom  zvanju  Matematickoga  odjela 
Prirodoslovno-matematickoga  fakulteta  Sveucilista  u Zagrebu,  postao  je  dobitnik  te 
nagrade!  Raduje  nas  sto  je  godisnja  nagrada  te  2007.  godine  dodijeljena  profesoru 
Mirku  Poloniju  za  popularizaciju  i promidzbu  matematike  medu  najmladima. 

Organizacijski  odbor  Treceg  medunarodnoga  kolokvija  Matematika  i dijete 
postavio  je  Ucitelja  matematike  s aktualnostima  iz  njegova  strucnoga,  znanstvenog 
i zivotnog  okruzenja,  sredisnjom  temom  skupa.  Pri  tome  je  vazno  znati  da  termin 
ucitelj  rabimo  za  osobu  koja  poucava,  a iz  konteksta  svakoga  rada  razumjeti  ce  se 
govori  li  se  o ucitelju  u predskolskoj  ustanovi,  skoli  ili  o sveucilisnom  nastavniku. 

Vjerujemo  da  ce  izlaganja,  rasprava  i izmjena  iskustava  domacih  i stranih 
izlagaca  na  Trecem  znanstvenom  skupu  Matematika  i dijete  potaknuti  i ojacati 


znanstvenu  suradnju  iz  podrucja  izobrazbe,  djelovanja  i polozaja  ucitelja  matem- 
atike  u okvirima  strucne,  kulturne,  akademske  - jednom  rjecju,  svekolike  zajednice. 

U ime  organizacijskoga  odbora  i u svoje  osobno  ime  zahvaljujem  nazocnima 
na  vremenu  posvecenom  razmjeni  misljenja  i zajednickom  druzenju.  Takoder, 
celnicima  i vrijednim  poduzetnicima  lokalne  zajednice  te  Ministarstvu  znanosti, 
obrazovanja  i sporta  RH  zahvaljujemo  na  sponzorstvu  za  odrzavanje  ovoga  skupa. 


U Osijeku,  18.  ozujka  2011. 


Margita  Pavlekovic 
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Preface 


In  the  monograph  The  Math  Teacher  the  term  teacher  designates  a person  who 
teaches  mathematics,  and  the  context  of  each  article  reveals  whether  this  implies 
the  teacher  at  a pre-school  institution,  a school  or  a university  instructor. 

In  their  works  the  authors  will  critically  assess  study  programmes  used  to 
educate  teachers  of  mathematics.  Furthermore,  the  results  of  research  regarding 
levels  of  learning  outcomes  at  faculties  of  teacher  education  in  view  of  student 
achievements  will  be  analysed.  Finally,  we  will  suggest  solutions  and  answers  to 
current  issues  concerning  teaching  practice. 

Mathematics  is  one  of  nine  academic  areas  with  a finalised  common  frame- 
work in  the  first  phase  of  the  project  Tuning  educational  structures  in  Europe^ 
(stages /cycles,  learning  outcomes,  general  and  specific  competences,  learning  and 
teaching  methods,  implementation  of  ECTS  system).  In  Croatia  there  is  currently 
no  concensus  on  the  governmental  level  regarding  the  National  framework  curricu- 
lum for  mathematics,  although  the  objectives,  learning  outcomes  and  competences 
of  pupils  / students  at  the  end  of  each  term  have  been  clearly  defined  by  the  profes- 
sionals. We,  therefore,  encounter  much  vagueness  when  it  comes  to  mathematical 
education  of  teachers,  organising  mathematics  teaching  across  educational  cycles, 
as  well  as  lifelong  education  of  teachers,  and  scientific  promotion. 

In  the  first  chapter  of  this  monograph  titled  New  approaches  to  education  of 
math  teachers,  the  authors  by  means  of  their  research  offer  answers  to  why  this 
profession  is  in  short  supply.  Moreover,  in  their  articles  the  authors  analyse  the 
level  of  representation  and  the  position  of  mathematics  in  study  programmes  which 
equip  pre-school  teachers  of  mathematics,  as  well  as  primary  and  secondary  school 
teachers.  Certain  omissions  and  errors  are  indicated  within  programmes  of  teacher 
studies,  and  solutions  are  offered  to  revise  them.  New  contents  and  original  proce- 
dures are  suggested  in  order  to,  according  to  the  authors’  opinion,  achieve  a higher 
quality  education  of  teachers. 

In  the  second  chapter  the  authors  present  results  of  their  research  conducted 
among  students  of  teacher  studies.  The  research  investigated  levels  of  student 
achievements  in  important  skills  and  knowledge  relevant  to  the  profession.  We  find 
particularly  important  the  results  of  research  implemented  in  order  to  familiarise 
ourselves  better  with  student  strategies  of  problem  solving  and  their  spatial  thinking 
skills. 

* Tuning  educational  structures  in  Europe,  www.tuning.unideusto.org/tuningeu,  first 
phase  from  2001.-2004. 
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In  the  third  chapter  of  the  monograph  in  their  articles  the  authors  answer  the 
question  How  to  achieve  desirable  outcomes  of  mathematics  learning.  Some  of  the 
authors  place  emphasis  on  the  interactive  constructivist  approach  to  learning  and 
teaching,  and  address  the  important  question  of  popularising  mathematics.  Others 
are  oriented  towards  information  technology  and  research  the  attitude  of  students 
of  teacher  studies  towards  using  ICT  in  the  classroom,  as  well  as  critically  assess 
relevant  issues,  criteria  and  methods  for  selecting  the  appropriate  on-line  mate- 
rials for  teaching  mathematics.  Modern  learning  conditions  require  a competent 
teacher  and  pupil  / student  for  long  distance  learning  and  application  of  intelligent 
systems.  It  is  therefore  proposed  that  additional  room  be  found  for  achieving  such 
competences  within  reviewed  programmes  of  teacher  studies. 

In  the  fourth  chapter  titled  Teacher  and  students  in  teaching  practice,  in  their 
contributions  the  authors  speak  of  the  results  of  research  and/or  success  stories  of 
strategies  in  mathematics  teaching  which  have  resulted  in  desirable  outcomes  of 
learning  among  children  and  students.  The  authors  report  the  general  awareness 
among  parents,  teachers  and  society  of  the  importance  of  early  mathematical  edu- 
cation. Likewise,  a growing  number  of  parents  of  children  with  special  needs  are 
interested  in  integrating  their  children  into  regular  public  instruction,  which  is  also 
suggested  by  the  national  development  strategy  of  the  Republic  of  Croatia^.  Thus, 
the  future  revision  of  programmes  needs  to  include  the  development  of  curricula 
which  would  enable  students  to  recognise,  educate  and  support  pupils  with  special 
needs. 

In  the  fifth  chapter  of  the  monograph  titled  What  difference  can  a math  teacher 
make  in  their  articles  the  authors  comment  on  the  general  issues  of  accepting 
mathematics  as  a vital  scientific  field  by  the  broader  community.  Certain  research 
suggests  that  a child’s  attitude  towards  mathematics  largely  depends  on  the  attitude 
of  their  parents,  but  also  on  the  attitude  of  the  teacher  in  the  first  four  years  of 
primary  education.  Issues  connected  to  mathematics  school  books  are  brought  up 
as  well,  and  the  chapter  offers  comments  on  the  teacher  perspective  in  Croatia. 

From  the  articles  we  can  conclude  that  math  teachers  face  similar  problems  in 
Croatia  as  they  do  in  the  sorrounding  countries.  They  are  not  adequately  equipped 
for  their  profession  within  the  existing  study  programmes.  They  are  not  properly 
introduced  to  school  mathematics.  Due  to  lacking  conditions  regarding  equipment 
at  the  university  and  in  schools,  they  are  not  given  the  proper  opportunity  to  master 
information  technology  and  intelligent  systems  of  learning.  They  mostly  remain 
unprepared  for  professionally  handling  pupils  with  special  needs.  Finally,  they 
show  reluctance  to  deal  with  more  serious  problems  of  children  and  youth,  such 
as  drugs,  violence  and  alcohol.  They  lack  competences  required  to  cooperate  with 
parents  and  work  in  a team. 

Governments  systematically  promote  free  movement  of  persons  and  the  im- 
portance of  professional  and  scientific  development.  There  have  been  attempts  to 
bring  order  into  educational  systems.  Most  teachers  accept  such  proposals  without 
complaints,  even  when  they  are  somewhat  ambiguous. 

^ Nacionalna  strategija  izjednacavanja  mogucnosti  za  osobe  s invaliditetom  od  2007.  do  2015., 
Vlada  RH,  Zagreb,  2007. 
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What  remains  is  hope  that  the  academic  community  in  Croatia  and  its  sor- 
roundings  will  find  strength  and  competence  to  make  and  implement  good  and 
important  decisions  in  science  and  education,  and  that  under  new  circumstances 
the  education  of  teachers  and  their  lifelong  development  will  be  more  open  and 
constructive.  Pupils  and  their  teachers  do  not  belong  on  the  margins  of  society. 
Teachers  must  not  be  underpaid  because  their  final  product  has  always  been  and 
always  will  be  the  future  of  our  society. 

Margita  Pavlekovic 


1. 

New  approaches  to  education  of  math  teachers 


In  this  chapter  the  authors  by  means  of  their  research  offer  an  answer  to  a 
question  of  why  the  mathematics  teaching  profession  is  in  short  supply.  Moreover, 
in  their  articles  the  authors  analyse  the  level  of  representation  and  the  position  of 
mathematics  in  study  programmes  which  equip  pre-school  teachers  of  mathematics, 
as  well  as  primary  and  secondary  school  teachers.  Since  2005  most  of  the  students 
enrolled  university  within  the  newly-approved,  so-called  Bologna  programme.  Five 
years  later,  half-way  through  2010  the  students  of  the  same  generation  are  taking 
their  graduation  exams  within  integrated,  five-year  university  teacher  studies,  and 
are  in  Croatia  awarded  the  academic  title  master  of  primary  education  or  master 
of  education  in  mathematics.  Certain  omissions  and  errors  are  indicated  within 
programmes  of  teacher  studies,  and  solutions  are  offered  to  revise  them.  New  con- 
tents and  original  procedures  are  suggested  in  order  to,  according  to  the  authors’ 
opinion,  achieve  a higher  quality  education  of  teachers. 
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Why  is  there  a shortage  of  mathematics 
teachers?  The  high-school  students’ 
views  on  the  mathematics  teacher  profession 


Sanja  Rukavina,  Dina  Kovacevic  and  Milan  Bakic 
Department  of  Mathematics,  University  of  Rijeka,  Croatia 


Abstract.  The  problem  of  the  lack  of  Mathematics  teachers  at  all 
levels  of  the  school  system  in  the  Republic  of  Croatia  is  on  of  the  most 
discussed  issues  among  mathematicians  nowadays.  In  spite  of  the  fact 
that  this  shortage  is  well  known  to  the  general  public  not  only  from 
data  provided  by  the  HZZ  (Croatian  Employment  Service),  but  also 
from  frequent  job  vacancies  for  Mathematics  teachers  and  scholarships 
for  deficitary  professions  at  both  local  and  state  levels,  granted,  among 
other  professions,  for  Mathematics  teachers,  it  is  a fact  that  every 
year  there  are  not  enough  students  interested  in  choosing  Mathematics 
Studies  for  Mathematics  Teachers. 

In  order  to  answer  the  question  why  there  is  the  lack  of  Mathe- 
matics teachers,  we  conducted  a survey  on  general  and  mathematics 
high  school  students’  views  on  being  a Mathematics  teacher.  The  aim 
of  the  survey  is  to  find  out  what  high  school  students  think  about 
the  Mathematics  teacher  profession,  what  factors  influence  their  views 
and  at  what  extent,  and  whether  their  former  Mathematics  teacher  has 
had  any  influence  on  their  views.  Furthermore,  the  aim  is  to  find  out 
how  informed  the  students  are  regarding  the  interrelationship  among 
certain  professions,  Mathematics  teacher  being  one  of  them,  based  on 
the  demand  in  the  labour  market  and  the  relationship  between  average 
salaries  for  different  professions,  as  well  as  to  find  out  what  they  think 
about  the  interrelation  between  chosen  professions  according  to  their 
attractiveness. 

Keywords:  Mathematics  teacher,  high  school  students’  views 


Introduction 

In  the  last  few  years  the  laek  of  Mathematics  teachers  was  seen  at  all  levels 
of  the  educational  system.  In  the  period  from  January  to  November  2010,  400 
Mathematics  teacher  job  vacancies  were  reported  to  the  HZZ  (Croatian  Employ- 
ment Service),  and  553  job  vacancies  for  Mathematics  professors.  On  the  other 
hand,  there  are  four  higher  education  institutions  in  Croatia  that  are  offering  those 
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professions,  and  according  to  their  enrolment  data,  250  new  Mathematics  teachers 
could  graduate  from  those  institutions  every  year.  Nevertheless,  this  number  is  of- 
ten halved.  The  lack  of  experts  results  in  unprofessional  mathematics  substitutions 
that  are  often  not  able  to  transfer  efficiently  the  necessary  mathematics  knowledge, 
nor  to  get  students  to  love  mathematics  and  be  interested  in  it,  which  are  signifi- 
cant factors  in  choosing  the  Mathematics  teacher  profession.  Therefore,  we  face  a 
vicious  circle  with  no  way  out. 

In  order  to  try  to  give  an  answer  to  the  question  why  there  is  the  lack  of 
Mathematics  teachers,  in  November  2010  we  conducted  a survey  on  general  and 
mathematics  high  school  students’  views  on  being  a Mathematics  teacher.  The 
aim  was  to  find  out  what  factors  influence  their  views  and  at  what  extent,  and 
whether  their  former  Mathematics  teachers  had  had  any  influence.  Furthermore, 
due  to  the  assumption  that  high  school  students’  views  on  being  a Mathematics 
teacher,  among  others,  are  based  upon  the  information  about  salaries,  the  demand 
in  the  labour  market,  and  the  overall  situation  in  the  Croatian  educational  system, 
etc.,  the  survey  embraced  also  their  views  on  employment  and  salaries  for  several 
professions.  Mathematics  teacher  being  one  of  them. 


Survey  methodology  and  results 

The  survey  was  conducted  through  questionnaires  given  to  students  in  four 
high  schools.  412  general  and  mathematics  high  school  students  were  given  the 
questionnaires.  Data  analysis  took  into  consideration  396  answers.  Questionnaires 
that  were  not  completely  filled  in  were  not  taken  into  consideration.  The  sample 
included  students  from  all  high  school  grades,  so  the  examinees’  age  range  from 
14  to  18  years  of  age.  The  survey  included  91  student  of  the  first  grade,  86  students 
of  the  second  grade,  83  students  of  the  third  grade,  and  136  students  of  the  fourth 
grade.  The  reason  why  students  of  those  course  of  studies  were  chosen  is  the 
assumption  that  exactly  they  will  be  the  majority  of  future  mathematics  students. 

The  distribution  of  subjects  according  to  their  course  of  studies  and  gender  is 
shown  in  Table  1. 


Subjects 

General  course 
of  studies 

Mathematical 
course  of  studies 

Total 

Schoolboys 

83 

82 

165 

Schoolgirls 

192 

39 

231 

Total 

275 

121 

396 

Table  1.  Number  of  subjects  according  to  gender  and  high  school  course  of  studies. 


“I  consider  the  profession  of  Mathematics  teacher  as  an  attractive  profession,” 

The  analysis  of  the  frequency  of  certain  answers  to  the  first  question  “I  con- 
sider the  profession  of  Mathematics  teacher  as  an  attractive  profession”  was  done 
according  to  gender  (Table  2.),  high  school  course  of  studies  (Table  3.)  and  grade 
(Table  4.)  of  the  subjects.  In  order  to  ease  data  interpretation,  in  data  preparation 
the  answers  “fully  applies  to  me”  and  “mostly  applies  to  me”  were  put  together  in 
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the  category  “applies  to  me”,  and  the  answers  “mostly  does  not  apply  to  me”  and 
“fully  does  not  apply  to  me”  in  the  category  “does  not  apply  to  me”. 


“I  consider  the  profession  of  Mathematics  teacher  as  an  attractive  profession.” 

Subjects’  gender 

Applies  to  me 

Does  not  apply  to  me 

Schoolboys 

25,45% 

74, 55% 

Schoolgirls 

17,31% 

82, 69% 

Total 

20,  7% 

79,  3% 

Table  2.  The  frequency  of  certain  answer  categories  to  the  question 
“I  consider  the  profession  of  Mathematics  teacher  as  an  attractive  profession” 
according  to  subjects’  gender. 

A mere  20,7%  of  subjects  consider  the  profession  of  Mathematics  teacher 
as  an  attractive  profession,  while  the  79, 3%  of  subjects  consider  it  to  be  a non- 
attractive  profession.  Although  HZZ  (Croatian  Employment  Service)  data  show  a 
high  presence  of  women  among  mathematics  teachers  in  the  Republic  of  Croatia, 
a lower  percentage  of  schoolgirls  consider  it  as  an  attractive  profession  in  relation 
to  their  male  colleagues. 


“I  consider  the  profession  of  Mathematics  teacher  as  an  attractive  profession.” 

Subjects’  course  of  studies 

Applies  to  me 

Does  not  apply  to  me 

General  course  of  studies 

17, 09% 

82,91% 

Mathematical  course  of  studies 

28,91% 

71,09% 

Total 

20, 7% 

79,  3% 

Table  3.  The  frequency  of  certain  answer  categories  to  the  question 
“I  consider  the  profession  of  Mathematics  teacher  as  an  attractive  profession” 
according  to  subjects’  course  of  studies. 

The  results  show  that  students  of  the  mathematical  course  of  studies  have  a 
more  positive  attitude  towards  the  profession  of  Mathematics  teacher  than  the  stu- 
dents of  the  general  course  of  studies.  Those  results  are  in  line  with  the  choice  of 
the  course  of  studies  attended  by  the  students.  The  survey  also  shows  that  students 
who  attend  the  mathematics  course  of  studies  have  a more  positive  attitude  towards 
mathematics  as  a school  subject  (Arambasic,  Vlahovic-Stetic  and  Severinac,  2005), 
so  in  that  sense  this  result  was  expected. 


“I  consider  the  profession  of  Mathematics  teacher  as  an  attractive  profession.” 

Subjects’  grade 

Applies  to  me 

Does  not  apply  to  me 

1.  grade 

30, 76% 

69, 24% 

2.  grade 

18,59% 

81,41% 

3.  grade 

25,29% 

74,71% 

4.  grade 

12, 49% 

87,51% 

Total 

20, 7% 

79,  3% 

Table  4.  The  frequency  of  certain  answer  categories  to  the  question 
“I  consider  the  profession  of  Mathematics  teacher  as  an  attractive  profession” 
according  to  subjects’  grade. 
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In  Table  4.  there  is  a significant  decrease  from  “better”  to  “worse”  attitude  to- 
wards the  attractiveness  of  the  profession  of  Mathematics  teacher  among  students 
of  the  fourth  grade.  It  is  possible  that  this  is  due  to  the  fact  that  those  are  senior  year 
students  who  are  seriously  considering  their  future  profession,  as  well  as  positive 
and  negative  sides  of  potential  professions. 

“I  consider  the  profession  of  Mathematics  teacher  as  a potential 
future  profession,” 

The  analysis  of  this  question  was  done  according  to  gender  (Table  5.),  high 
school  course  of  studies  (Table  6.)  and  the  grade  (Table  7.)  As  in  the  previous 
question,  the  answers  “fully  applies  to  me”  and  “mostly  applies  to  me”  were  put 
together  in  the  category  “applies  to  me”,  and  the  answers  “mostly  does  not  apply 
to  me”  and  “fully  does  not  apply  to  me”  in  the  category  “does  not  apply  to  me”. 


“1  consider  the  profession  of  Mathematics  teacher 
as  a potential  future  profession.” 

Subjects’  gender 

Applies  to  me 

Does  not  apply  to  me 

Schoolboys 

12,  12% 

87,  88% 

Schoolgirls 

8,65% 

91,35% 

Total 

10, 09% 

89,91% 

Table  5.  The  frequency  of  certain  answer  categories  to  the  question 
“I  consider  the  profession  of  Mathematics  teacher  as  a potential  future  profession.” 
according  to  subject’s  gender. 

According  to  the  views  on  the  attractiveness  of  being  a Mathematics  teacher, 
the  obtained  results  were  “worse”  than  expected.  Namely,  only  10, 09%  of  subjects 
consider  the  Mathematics  teacher  as  a potential  future  profession,  while  the  89, 91% 
of  subjects  do  not  think  about  this  profession  as  their  potential  future  profession. 
As  with  the  previous  question,  schoolgirls  were  less  interested  in  this  profession  in 
relation  to  their  male  colleagues. 


“1  consider  the  profession  of  Mathematics  teacher 
as  a potential  future  profession.” 

Subjects’  course  of  studies 

Applies  to  me 

Does  not  apply  to  me 

General  course  of  studies 

6, 17% 

93,  83% 

Mathematics  course  of  studies 

19% 

81% 

Total 

10, 09% 

89,91% 

Table  6.  The  frequency  of  certain  answer  categories  to  the  question 
“I  consider  the  profession  of  Mathematics  teacher  as  a potential  future  profession.” 
according  to  subject’s  course  of  studies. 

Only  one  third  of  high  school  students  attending  the  general  course  of  studies 
who  consider  the  Mathematics  teacher  profession  to  be  attractive  think  about  this 
profession  as  of  a potential  future  profession,  while  the  same  applies  to  approxi- 
mately two  thirds  of  students  with  the  same  views  that  are  attending  the  mathematics 
course  of  studies.  It  is  likely  that  this  thinking  is  influenced  also  by  the  conviction 
about  one’s  own  preparation  for  obtaining  the  necessary  mathematics  education,  in 
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relation  to  the  number  of  hours  of  the  Mathematics  subject  in  the  monitored  course 
of  studies. 


“I  consider  the  profession  of  Mathematics  teacher 
as  a potential  future  profession.” 

Subjects’  grade 

Applies  to  me 

Does  not  apply  to  me 

1.  grade 

23, 06% 

76,  94% 

2.  grade 

5,8% 

94, 2% 

3.  grade 

10,  83% 

89,  17% 

4.  grade 

3,67% 

96,  33% 

Total 

10, 09% 

18,43% 

Table  7.  The  frequency  of  certain  answer  categories  to  the  question 
“I  consider  the  profession  of  Mathematics  teacher  as  a potential  future  profession.” 
according  to  subject’s  grade. 


75%  of  first  grade  students  who  consider  the  profession  to  be  attractive  think 
of  the  Mathematics  teacher  profession  as  of  their  future  profession,  while  only 
29, 41%  of  fourth  grade  students  who  consider  the  profession  to  be  attractive  think 
of  it  as  of  their  potential  future  profession. 


Factors  influencing  subjects’  views  on  the  Mathematics  teacher  profession 


The  third  question  tackled  with  the  factors  that  influence  subjects’  views  on 
the  Mathematics  teacher  profession.  Subjects  were  asked  to  select  one  or  more 
factors,  among  thirteen  given,  that  they  consider  to  have  had  a major  influence  on 
their  answers  to  the  first  two  questions. 

The  given  answers  are  as  follows:  assured  state  salary,  high  probability  of 
employment,  long  vacation  period,  working  hours,  positive  attitude  towards  math- 
ematics, reputable  status  of  teachers  in  the  society,  high  social  responsibility  of  the 
profession,  low  salary,  low  possibility  of  promotion,  working  conditions,  work  with 
children,  negative  attitude  towards  mathematics  and  insufficiently  reputable  status 
of  teachers  in  the  society.  Moreover,  subjects  had  the  opportunity  to  add  a factor 
that  was  not  on  the  questionnaire  list,  and  that  has  influenced  their  view.  Since 
the  primary  objective  of  this  survey  was  to  find  out  why  students  do  not  choose 
the  Mathematics  teacher  profession,  the  results  of  this  question  were  analysed  in 
relation  to  subjects’  answers  to  the  second  question  “I  consider  the  profession  of 
Mathematics  teacher  as  a potential  future  profession.”  The  most  frequent  factors 
were  determined  from  the  answers  of  subjects  who  do  not  consider  the  Mathematics 
teacher  as  their  potential  future  profession,  as  well  as  of  those  who  consider  it  as 
their  possible  future  profession.  The  first  six  most  frequently  chosen  factors  by 
those  who  do  not  consider  the  Mathematics  teacher  profession  as  their  potential 
future  profession,  and  according  to  gender,  are  shown  in  Picture  1 . 
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low  salary 

low  possibility  of 
promotion 

negati\e  attitude 
towards 
mathematics 
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reputable  status  of 
teachers  in  the 

work  with  children 

working  conditions 

H Total 

54.49 

40.45 

37.36 

36.24 

30.90 

30.62 

■ M 

66.90 

45.52 

20.00 

45.52 

32.41 

37.24 

□ F 

45.97 

36.97 

49.29 

29.86 

29.86 

26.07 

Picture  1.  The  first  six  most  frequently  chosen  factors  by  those 
who  do  not  consider  the  Mathematics  teacher  profession 
as  their  potential  future  profession,  according  to  gender. 

Among  subjects  who  do  not  consider  the  Mathematics  teacher  profession  as 
their  potential  future  profession,  54, 49%  of  them  select  the  low  salary  as  a factor 
that  influences  their  views,  and  male  subjects  more  frequently  select  this  factor  as 
one  of  the  reasons  for  indifference  towards  the  Mathematics  teacher  profession. 
This  result  can  be  partially  explained  by  the  divergence  in  gender  roles,  that  is, 
traditional  belief  that  men  have  to  take  care  of  the  family.  Schoolboys  also  more 
frequently  than  schoolgirls  select  as  one  of  the  reasons  for  their  view  the  low  possi- 
bility of  promotion  and  the  insufficiently  reputable  status  of  teacher  in  the  society. 
A negative  attitude  towards  the  Mathematics  subject  is  the  reason  for  indifference 
for  37,  36%  of  subjects,  and  this  factor  is  more  frequently  selected  by  schoolgirls 
(49,29%)  in  relation  to  schoolboys  (20%).  Work  with  children  and  the  working 
conditions  are  more  frequently  selected  by  schoolboys  as  a reason  for  their  negative 
view. 

The  first  six  most  frequently  chosen  factors  by  those  who  consider  the  Math- 
ematics teacher  profession  as  their  potential  future  profession,  and  according  to 
gender,  are  shown  in  Picture  2. 

Subjects  who  consider  the  Mathematics  teacher  profession  as  their  potential 
future  profession,  most  frequently  select  as  a factor  that  influences  their  view  the 
positive  attitude  towards  the  Mathematics  subject,  as  chosen  by  57, 5%  of  subjects 
from  this  category.  The  second  most  frequent  actor  is  the  long  vacation  period 
(52, 5%).  If  we  take  into  consideration  also  the  fact  that  40%  of  subjects  from  this 
category  have  chosen  the  working  hours,  we  can  conclude  that  there  is  a wrong 
perception  about  this  profession  among  a large  number  of  students  who  consider 
it  as  a potential  future  profession,  and  think  of  it  as  of  a not  demanding  job  with 
lots  of  free  time.  Other  frequently  selected  factors  are  also  the  assured  state  salary 
(35%),  high  probability  of  employment  (35%)  and  work  with  children  (30%). 
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Picture  2.  The  first  six  most  frequently  chosen  factors  by  those 
who  consider  the  Mathematics  teacher  profession 
as  their  potential  future  profession,  according  to  gender. 


“My  overall  view  on  the  Mathematics  teacher  profession  was  influenced  by 
my  former  mathematics  teachers.” 

When  analysing  the  frequency  of  answers  to  this  question,  answers  “fully  ap- 
plies to  me”  and  “mostly  applies  to  me”  were  put  together  in  the  category  “applies 
to  me”,  and  the  answers  “mostly  does  not  apply  to  me”  and  “fully  does  not  apply  to 
me”  in  the  category  “does  not  apply  to  me”  The  analysis  was  carried  out  in  relation 
to  the  subjects’  view  on  the  Mathematics  teacher  profession,  that  is,  according  to 
the  fact  if  they  consider  the  Mathematics  teacher  profession  as  their  potential  future 
profession.  Table  8.  includes  subjects  who  consider  the  Mathematics  teacher  pro- 
fession as  their  potential  future  profession,  and  are  marked  with  “positive  attitude”, 
while  the  subjects  who  do  not  consider  this  profession  as  their  potential  future 
profession  are  marked  with  “negative  attitude”. 


“My  overall  view  on  the  Mathematics  teacher  profession 
was  influenced  by  my  former  mathematics  teachers.” 

View  on  the  profession 

Applies  to  me 

Does  not  apply  to  me 

Positive  attitude 

55% 

45% 

Negative  attitude 

36,51% 

63,49% 

Total 

38,  37% 

61,63% 

Table  8.  The  frequency  of  certain  answer  categories  to  the  question  “My  overall  view  on 
the  Mathematics  teacher  profession  was  influenced  by  my  former  mathematics  teachers.” 
according  to  subjects’  views  on  the  Mathematics  teacher  profession. 

Former  mathematics  teachers  influenced  38, 37%  of  subjects,  and  their  influ- 
ence is  more  significant  on  subjects  with  positive  attitude,  which  means  that  those 
were  teachers  who  have  succeeded  to  make  students  love  mathematics  and  consider 
it  an  interesting  subject. 
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Comparison  with  other  professions 

Subjects  were  asked  to  classify,  according  to  their  own  opinion,  six  given 
professions  (Mathematics  teacher,  Croatian  language  teacher,  M.A.  in  Economy, 
M.Sc.  in  Mechanical  Engineering,  M.Sc.  in  Pharmacy,  M.A.  in  Journalism), 
by  their  attractiveness,  salary  scale  and  employment  possibilities.  Te  analysis  is 
represented  in  Picture  3.  (professions’  attractiveness)  Picture  4.  (salary  scale)  and 
Picture  5.  (employment). 


Attractiveness 


Picture  3.  Average  marks  for  professions  according  to  their  attractiveness. 


Salary  scale 


Picture  4.  Average  marks  for  professions  according  to  salary  scale. 

Among  given  professions,  subjects  consider  the  least  attractive  (almost  equally) 
the  Croatian  language  teacher  and  the  Mathematics  teacher  professions.  Prom  this 


Why  is  there  a shortage  of  mathematics  teachers? 


17 


figures  we  can  conclude  that  subjects  find  the  teacher  professions  not  attractive  in 
general,  and  not  exclusively  the  Mathematics  teacher  profession. 

The  subjects’  estimate  about  the  salaries  of  six  given  professions  is  quite  realis- 
tic (according  to  figures  of  the  Croatian  Bureau  of  Statistics),  although  the  salaries 
of  the  M.A.  in  Journalism  and  M.A.  in  Economy  can  vary  a lot.  From  those  results 
we  can  conclude  that  there  is  the  relations  between  the  expected  salary  for  a specific 
profession  and  its  attractiveness,  that  is,  the  expected  salary  of  a single  profession 
has  an  influence  on  its  attractiveness. 
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Picture  5.  Average  marks  for  professions  according  to  the  employment  possibilities. 
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Picture  6.  Professions  subjects  want  to  engage  with  in  the  future. 

As  already  stated  before,  in  the  Republic  of  Croatia  from  January  to  November 
2010  553  job  vacancies  for  Mathematics  professors  were  reported  and  400  Math- 
ematics teacher  job  vacancies.  Furthermore,  in  the  same  period  172  vacancies  for 
M.Sc.  in  Pharmacy  were  reported  and  342  vacancies  for  M.Sc.  in  Mechanical 
Engineering.  On  the  other  hand,  M.A.  in  Economics,  Croatian  language  teacher 
and  M.A.  in  Journalism  are  among  ten  professions  with  the  highest  rate  of  unem- 
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ployment.  According  to  obtained  figures,  we  can  conclude  that  the  subjects  are  not 
well  informed  about  the  situation. 

The  last  question  was  an  open  one.  Subjects  had  to  write  the  name  of  the 
profession  they  would  like  to  engage  with  in  the  future.  The  results  are  shown  in 
Picture  6.  where  the  six  most  attractive  professions  are  marked. 

Of  369  subjects,  five  of  them  answered  they  wanted  to  be  Mathematics  teach- 
ers, which  is  a 1, 35%  of  all  subjects. 


Discussion  and  conciusion 

The  results  of  the  conducted  survey  are  in  line  with  the  current  lack  of  Mathe- 
matics teachers.  Namely,  almost  80%  of  the  subjects  do  not  consider  this  profession 
as  an  attractive  one,  and  only  the  10%  think  of  it  as  a potential  future  profession.  It 
is  surprising  how,  although  women  are  more  present  in  this  profession,  schoolgirls 
from  the  survey  consider  this  profession  less  attractive  in  relation  to  their  male 
colleagues,  and  more  rarely  consider  it  as  their  future  profession.  It  is  possible 
that  schoolgirls  have  a more  negative  view  on  the  Mathematics  subject  in  relation 
to  schoolboys,  and  that  they  transfer  this  view  also  on  the  Mathematics  teacher 
profession.  Numerous  surveys  have  been  carried  out  about  the  influence  of  gender 
on  the  view  on  Mathematics  subject,  and  some  of  them  confirm  that  it  is  relevant, 
and  that  it  goes  from  smaller  among  younger  subjects,  towards  stronger  among 
high  school  students  and  university  students.  On  the  other  hand,  there  are  surveys 
that  show  how  high  school  students  have  a neutral  view  on  the  Mathematics  subject 
and  they  do  not  agree  with  the  assumption  that  Mathematics  is  a male  domain 
(Arambasic,  Vlahovic-Stetic  and  Severinac,  2005). 

For  Mathematics  teachers  in  high  schools  it  is  interesting  the  fact  that  75% 
of  first  grade  students  who  consider  this  profession  as  attractive  think  about  the 
Mathematics  teacher  profession  as  their  future  profession,  while  only  a 29,41% 
of  fourth  grade  students  who  consider  this  profession  as  attractive  think  about  is 
as  of  a potential  future  profession.  If  we  take  into  consideration  the  fact  that  the 
percentage  of  students  who  consider  this  profession  attractive  is  considerably  lower 
in  the  fourth  than  in  the  first  grade,  it  is  obvious  that  additional  efforts  have  to  be 
done  in  order  to  decrease  in  high  schools  the  negative  trend  about  this  profession. 

The  majority  of  subjects  as  a reason  for  their  negative  attitude  state  the  salaries, 
which  is  to  be  taken  into  consideration  if  we  want  to  avoid  further  negative  trends. 
Bad  results  obtained  also  for  the  second  given  teacher  profession  (Croatian  lan- 
guage teacher)  underline  the  unattractiveness  of  work  in  the  educational  system  in 
general.  In  addition,  subjects  are  in  general  not  aware  of  the  fact  that  Mathemat- 
ics teacher  profession  is  the  profession  with  the  highest  possibility  of  employment 
among  six  given  professions.  According  to  employment  possibilities,  students  gave 
to  this  profession  the  average  3,4  mark,  similar  to  the  M.  A.  in  Journalism  profession 
(3.39)  where  there  is  a high  number  of  highly  educated  unemployed  people.  The 
question  is  whether  the  results  of  the  survey  on  high  school  students’  views  on 
Mathematics  teacher  profession  would  have  been  different  if  they  were  much  more 
aware  of  the  figures  regarding  the  employment  possibilities  of  this  profession. 
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Abstract.  Mathematics  is  inherent  part  of  culture.  It  can  be  found 
in  works  of  culture  (especially  in  architecture  and  art)  and  everyday 
life.  Although,  some  results  speak  in  favor  of  negative  or  neutral 
attitudes  towards  mathematics,  people  still  use  it  on  everyday  basis. 
Phoning,  paying  bills,  measuring  etc.  are  some  of  many  everyday 
activities  which  require  mathematical  knowledge.  Functional  use  of 
mathematics  is  exactly  the  one  that  obtains  great  deal  of  attention  in 
pre-school  education.  National  curriculum  for  pre-school,  obligatory 
primary  and  secondary  education  cite  necessity  of  acquisition  of  math- 
ematical competencies  due  to  resolving  everyday  problems.  In  case 
of  pre-school  education,  carrier  (precisely  designer  and  organizer)  is 
pre-school  teacher.  Presuming  that  pre-school  teachers’  professional 
education  is  characterized  by  pragmatism,  that  mathematical  know- 
ledge is  needed  for  everyday  life  and  that  early  childhood  is  period  of 
intensive  learning  about  immediately  environment  and  acquirement  of 
tools  of  culture  (language,  symbols. . .),  the  question  of  mathematics 
in  pre-school  teacher  professional  education  is  arising.  To  gain  an 
insight  into  the  presence  of  mathematics  in  programs  of  pre-school 
teachers’  professional  education,  programs  from  5 Croatian  universities 
have  been  analyzed.  Results  showed  low  presence  of  mathematics 
and  reduction  of  mathematics  onto  professional  tool.  Regarding  the 
fact  that  only  two  Croatian  universities  has  launched  new,  five-years 
university  class  for  pre-school  teachers,  this  results  can  be  used  as 
frame  for  further  inquiring  of  importance  of  mathematics  in  pre-school 
teachers’  professional  education  and  its  place  in  institutional  pre-school 
education. 

Keywords:  mathematics,  programs  of  professional  education,  pre- 
school teachers,  pragmatism,  functionality 


Introduction 

Mathematics  is  inherent  part  of  culture.  It  can  be  found  in  works  of  culture  (es- 
pecially in  architecture  and  art)  and  everyday  life.  Although,  some  results  speak  in 
favor  of  negative  or  neutral  attitudes  towards  mathematics  (Witmann,  2006)  people 
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still  use  it  on  everyday  basis.  Presence  of  functional  use  of  numbers  and  mathe- 
matics can  be  found  in  early  childhood.  Importance  of  mathematics  is  described 
in  many  educational  policies  and  documents  of  European  Union  and  Republic 
of  Croatia.  So  European  Commission  (2004)  cited  key  competences  for  lifelong 
learning:  communication  in  the  mother  tongue  and  in  foreign  languages,  mathemat- 
ical competence  and  basis  competences  in  science  and  technology,  information  and 
communication  technology  (ICT)  and  digital  competences,  learning  to  learn,  social 
and  civic  competences,  sense  of  initiative  and  entrepreneurship,  cultural  awareness 
and  expression.  Craotia’s  frame  for  National  curriculum  for  preschool  education 
and  obligatory  primary  and  secondary  education  (MZOS,  2010)  cites  necessity  of 
acquiring  mathematical  competences  essential  for  solving  everyday  problems.  In 
case  of  pre-school  education,  bearer  (precisely,  designer  and  organizer)  of  these 
activities  is  pre-school  teacher.  Euture  pre-school  teachers  in  Republic  of  Croatia 
are  educated  upon  professional  three-  and  five-years  educational  studies  to  ensure 
successful  (in  terms  of  effectiveness)  of  pedagogical  work.  “Equipping”  future 
pre-school  teachers  with  adequate  competences  is  main  goal  of  these  educational 
studies.  During  professional  education,  pre-school  teachers  “built  their  own  value- 
system,  based  upon  individual  experience  of  socialization,  personal  participation 
in  educational  process  and  knowledge  about  “vocation”  “(Irovic,  Romstein,  2007, 
229).  Analyzing  pre-school  teachers’  effectiveness,  Colker  (2008)  claims  that  ef- 
fectiveness is  under  direct  influence  of  pre-school  teachers’  knowledge,  skills  and 
personal  characteristics.  As  important  factor  of  pre-school  teachers’  professional 
success,  students  - future  pre-school  teachers  cite  professional  education  (Irovic, 
Romstein,  2007).  Regarding  competences  cited  in  international  documents,  and  ex- 
cepted by  Republic  of  Croatia,  Eepicnik-Vodopivec  (2007)  after  research  conclude: 
the  most  significant  competences  (from  the  perspective  of  students  - future  pre- 
school teachers)  are  knowledge  about  developmental  characteristics  of  children, 
differences  and  needs  among  children,  knowledge  about  cognitive -developmental 
theories  which  are  followed  by  competences  from  the  field  of  methodology  of  per- 
formance. As  it  was  already  said  before,  presence  of  mathematics  can  be  found  in 
early  childhood  and  on  everyday  basis. 

Implementation  of  Bologna  gave  universities  in  Republic  of  Croatia  an  oppor- 
tunity for  conceptualizing  education  in  regard  of  pre-school  teachers’  professional 
demands.  To  gain  an  insight  into  presence  of  mathematics  and  mathematical 
contents,  5 (three  years)  pre-school  teachers’  educational  programs  have  been  an- 
alyzed: faculty  of  Teacher  Education  in  Zagreb  (proposal  for  three  year  graduated 
study  for  preschool  teachers);  faculty  of  Teacher  Education  in  Osijek  (three  year 
graduated  study  program  for  preschool  teachers);  faculty  of  Teacher  Education  in 
Rijeka  (three  year  graduated  study  program  for  preschool  teachers) ; Department 
for  education  of  preschool  teachers  and  primary  school  teachers  at  University  of 
Zadar  (graduated  study  program  for  preschool  teachers) ; and  faculty  of  Philosophy 
in  Split  (study  program  for  preschool  teachers). 

Analyzed  programs  were  from  academic  year  2004/  2005,  the  U*  year  of 
Bologna  implementation.  Presence  of  course  (syllabus),  goals  and  contents  of  the 
course  and  expected  competencies  were  encompassed  by  analyses. 
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Analysis  showed  absence  of  course  Mathematics  and  low  representation  of 
mathematical  contents  in  educational  programs,  i.e.  its  reduction  in  direction  of 
professional  tool,  which  especially  can  be  seen  in  courses  such  as  Methodology  of 
pedagogical  research.  Statistics  and  Informatics. 


Presence  of  course  Mathematics  in  preschooi  teachers’ 
educationai  programs 

Mathematical  learning  is  possible  in  early  childhood.  The  research  results 
about  mathematical  learning  in  early  childhood  shows:  mathematical  learning 
with  simple  operation  such  as  classification  and  conjoining  has  direct  influence  on 
success  of  mathematical  learning  during  primary  education  (Bodrovski  & Farkas, 
2007),  preschool  children,  very  early,  even  before  5^*  year  of  life,  have  ability  of 
understanding  spatial  relations,  numbers,  quantity  and  geometry  which  can  be  facil- 
itated through  construction  games,  especially  building  bricks  (Sarama  & Clements, 
2004).  Regarding  mathematics  can  be  learned  in  early  childhood,  its  value  enclosed 
in  recent  educational  policies  at  international  and  national  level,  and  importance  of 
competences  (from  students’  perspective)  in  field  of  performance,  it  is  deservingly 
to  make  an  insight  into  “offer”  of  mathematics  in  preschool  teachers’  educational 
programs. 

From  5 analyzed  non  offered  course  Mathematics.  But,  there  are  courses 
with  mathematical  elements:  at  Faculty  of  Teacher  Education  in  Zagreb  courses 
are  Methodology  of  preschool  education  1 and  2;  at  Faculty  of  Teacher  Educa- 
tion in  Osijek  students  can  encounter  mathematics  in  courses  Tabular  calculator. 
Methodology  of  preschool  education  4 and  Methodology  of  pedagogical  research; 
at  Faculty  of  Teacher  Education  in  Rijeka  in  courses  Basic  pedagogical  method- 
ology and  Basic  statistics;  at  Department  for  education  of  preschool  teachers  and 
primary  school  teachers  at  University  of  Zadar  in  courses  Methodology  of  edu- 
cational work  3 and  Informatics  2;  at  Faculty  of  Philosophy  in  Split  in  courses 
Basic  informatics.  Methodology  of  preschool  education  2 and  Basic  methodology 
of  pedagogical  research. 


Analysis  of  courses  with  mathematical  contents 

Taking  into  an  account  that  in  preschool  teachers’  educational  programs  not 
even  one  course  called  Mathematics  existed,  we  have  focused  our  attention  on  an- 
alyzing courses  with  mathematical  contents.  Courses  that,  among  others,  offered 
mathematical  contents  are:  Methodology  of  preschool  education  1 and  2 (Faculty 
of  Teacher  Education  in  Zagreb);  Tabular  calculator.  Methodology  of  preschool 
education  4 and  Methodology  of  pedagogical  research  (Eaculty  of  Teacher  Edu- 
cation in  Osijek);  Basic  pedagogical  methodology  and  Basic  statistics  (Eaculty  of 
Teacher  Education  in  Rijeka);  Methodology  of  educational  work  3 and  Informatics 
2 (Department  for  education  of  preschool  teachers  and  primary  school  teachers  at 
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University  of  Zadar);  Basic  informatics,  Methodology  of  preschool  education  2 
and  Basic  methodology  of  pedagogical  research  (Faculty  of  Philosophy  in  Split). 

Content  analysis  showed  that  offered  mathematical  elements  within  educa- 
tional programs  were  not  in  function  of  pedagogical  work.  Mathematical  contents 
in  mentioned  courses  are  focusing  on  research  competences  which  are  just  one 
aspect  of  pedagogical  work.  This  kind  reduction  of  mathematics  shows  under- 
standings of  its  everyday  presence  and  importance  insufficient.  At  the  other  hand, 
courses  focused  on  statistics  presume  high  level  of  students’  mathematical  know- 
ledge, but  covariance,  correlation  etc.  preschool  teachers’  rarely  use  in  their  peda- 
gogical practice.  Although  raising  quality  of  pedagogical  work  presume  preschool 
teachers’  possession  of  “science  competences”  within  field  of  methodology,  statis- 
tics and  pedagogical  research  (Matijevic,  2007,  304)  which  facilitate  designing 
developmentally  appropriate  practice,  understanding  of  elemental  mathematical 
concepts  for  higher  mathematical  operation  is  needed.  Manifestly,  there  is  parallel 
presence  of  reduction  and  high  level  demands  towards  students’  knowledge.  So,  it 
is  important  to  synchronize  levels  of  demands  towards  students’  achievement  and 
to  question  contents  relevance  in  applicability  in  their  later  professional  work. 

Analysis  of  particular  courses  showed  anticoincidence  and  inconsistence. 
Goals  (as  starting  points  in  course  design)  in  particular  courses  (for  example 
Methodology  of  preschool  education  1 and  2,  Methodology  of  educational  work  3, 
Informatics)  are  absent  (not  known)  so  the  question  about  evaluation  is  raised. 

Due  competences,  two  faculties  did  not  offered  competences  at  all,  so  the 
students’  profits  are  vague.  In  fact,  competences  on  international  level  are  common 
principles  in  preschool  teachers’  professional  education.  Competences  have  func- 
tion of  “resolving  actual  and  future  global  requests  and  anticipations”  (Babic,  2007, 
33)  which  is  presumption  of  Bologna  studying.  But,  certain  courses  (for  example. 
Methodology  of  educational  work  3)  went  one  step  further  and  offered  students 
contents  and  competences  about  play,  which  is  held  as  polygon  for  testing  owns’ 
mathematical  competences  (for  example,  “Play  as  fundamental  method  in  field  of 
development  primary  mathematical  concepts”)  which  require  meta-competence  in 
field  of  mathematics. 

Ditto,  it  can  be  concluded  that  mathematical  contents  are  not  synchronized  and 
information-  insufficient  due  mathematics  implementation  in  everyday  pedagogical 
work.  Additionally,  mathematics  is  perceived  as  tool  for  successful  research  work 
which  is,  actually,  just  one  narrow  aspect  of  preschool  teachers’  professional  work. 
Taking  into  account  that  mathematics  is  present  in  everyday  life  and  that  pragmatic 
value  is  one  of  most  mentioned  (Wittmann,  2006),  it  is  important  to  think  about 
possibilities  of  its’  implementation  into  new,  MA,  preschool  teachers’  educational 
programs. 


Analysis  of  preschool  teachers’  educational  programs  showed  absence  of 
course  named  Mathematics.  Mathematical  contents/  elements  are  comprised 
within  other  courses  such  as  Statistics,  Methodology  and  Informatics,  which  points 
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on  low  level  of  value  perception  for  direct  pedagogical  work  with  preschool  chil- 
dren. 

Analysis  of  courses  revealed  low  level  of  representation  of  mathematics  and  its 
reduction  in  direction  of  professional  tool,  especially  within  courses  methodology 
of  pedagogical  research,  statistics  and  Informatics.  Although,  competences  of  au- 
tonomous research  are  important  aspect  of  preschool  teachers’  work,  actually,  they 
are  props  in  developmentally  appropriate  practice  design.  Many  authors  (Liebeck, 
1994;  Wittmann,  2006;  Bodrovski  i Farkas,  2007)  remind  that  mathematics  in 
early  childhood  is  often  taken  into  account  solely  as  “measure”  for  school  readi- 
ness, but  practical  use  of  mathematics  is  its  main  value  which  can  be  marked  in 
early  childhood. 

Actually  in  Republic  of  Croatia  preschool  teachers’  educational  programs  are 
converting  into  MA  level,  which  is  unique  opportunity  for  questioning  actual  pro- 
grams and  competences.  Entry  data  shows  that  only  Faculty  of  Teacher  Education 
in  Osijek  offered  mathematics  for  students  - Mathematical  culture  and  communi- 
cation and  Mathematics  in  play  and  amusement.  That  kind  of  courses  able  student 
wider  diapason  of  mathematical  contents  and  acquisition  of  relevant  competences 
needed  for  later  successful  professional  work. 
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Abstract.  In  this  paper  we  give  a brief  overview  of  mathematics 
curriculum  at  faculties  of  teacher  education  in  Serbia  and  put  special 
emphasis  on  ways  of  developing  creativity  and  careful  lesson  planning 
as  a precondition  for  successful!  teaching  in  practice  lessons. 
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Abstract.  The  preparation  of  student  teachers  for  their  future 
profession  is  complex  and  difficult  task.  In  this  preparation,  three 
components  of  can  be  identified:  mathematics  knowledge,  didactics  of 
mathematics  and  psychology  of  learning  (Hodgson,  2001).  Mathemat- 
ics knowledge  is  widely  acknowledged  as  one  of  the  critical  attributes 
of  mathematics  teachers,  thus,  many  studies  investigated  deficiencies  in 
knowledge  of  in-service  and  pre-service  mathematics  teachers  (Ponte 
& Chapman,  2010).  Many  of  these  studies  have  been  motivated  by 
Klein’s  “Doppelte  Diskontinuitat”  (double  discontinuity).  In  1924 
Felix  Klein  (2004ab)  used  term  double  discontinuity  to  describe  two 
breaches  (discontinuities)  in  the  education  of  mathematics  teachers. 
He  was  motivated  by  the  discontinuity  between  school  and  university 
mathematics:  first,  university  mathematics  bore  little  relationship  to  the 
experiences  students  had  had  in  schools;  second,  university  graduates 
returning  to  schools  used  little  of  what  they  had  experienced  in  uni- 
versity in  their  teaching  lives.  Almost  century  has  passed  since  Klein’ 
paradigm  and  the  double  discontinuity  still  exists  (Barton,  2008). 

In  this  paper,  we  will  report  the  results  of  the  survey  conducted 
among  future  mathematics  teachers  who  were  given  questionnaire 
containing  questions  from  primary  school  mathematics.  This  survey 
was  motivated  by  following  questions:  What  do  we  expect  that  our 
mathematics  students  know  form  primary  school?  What  does  “know” 
include? 

Keywords:  student  teachers,  mathematics  knowledge 


Introduction 

The  preparation  of  student  teachers  for  their  future  profession  is  complex  and 
difficult  task.  In  this  preparation,  three  important  components  can  be  identified: 
mathematics  content  knowledge,  didactics  of  mathematics  and  psychology  of  learn- 
ing (Hodgson,  2001).  Mathematics  knowledge  is  widely  acknowledged  as  one  of 
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the  critical  attributes  of  mathematics  teachers,  thus,  many  studies  investigated  de- 
ficiencies in  knowledge  of  in-service  and  pre-service  mathematics  teachers.  Many 
of  these  studies  have  been  motivated  by  Klein’s  “Doppelte  Diskontinuitaf  ’ (double 
discontinuity).  In  1924  Felix  Klein  used  term  double  discontinuity  to  describe 
two  breaches  (discontinuities)  in  the  education  of  mathematics  teachers.  He  was 
motivated  by  the  discontinuity  between  school  and  university  mathematics:  first, 
university  mathematics  bore  little  relationship  to  the  experiences  students  had  in 
schools;  second,  returning  to  schools  university  graduates  used  little  of  what  they 
had  experienced  in  university  in  their  teaching  lives.  Almost  century  has  passed 
since  Klein  formulated  this  paradigm  and  the  double  discontinuity  still  exists  (Bar- 
ton, 2008).  Studies  still  report  the  evidence  of  “vicious  circle”:  student  teachers 
enrol  in  university  without  sufficient  understanding  of  school  mathematics,  expe- 
rience little  instruction  on  the  mathematics  they  will  teach  and  then  enter  to  the 
classroom  unprepared  to  teach  mathematics  to  new  generations  (e.g.  Chick,  2004; 
Ponte  & Chapman,  2008). 


Theoretical  framework 

Many  studies  showed  that  teachers’  mathematics  knowledge  is  generally  prob- 
lematic, in  terms  of  what  teachers  know  and  how  they  hold  knowledge  of  mathe- 
matical concepts  or  processes  (Ponte  & Chapman,  2008).  It  was  discovered  that 
teachers  do  not  always  possess  a deep,  broad,  and  thorough  understanding  of  the 
content  they  are  to  teach.  Steinberg  et  al.  (1985)  found  that  novice  secondary 
school  teachers  use  various  coping  strategies  when  they  lack  content  knowledge, 
including  relying  heavily  on  “the  textbook”  as  a convenient  source  of  information. 
A general  perspective  on  content  knowledge  in  relation  to  mathematics  teaching 
usually  is  characterized  by  the  attitude  that  secondary  teachers  already  have  it  and 
elementary  teachers  need  very  little  of  it  (Rowland,  2006).  But  there  is  evidence 
from  the  UK,  USA,  Australia  and  beyond  to  refute  both  parts  of  that  statement  (e.g. 
Alexander  & et  ah,  1992;  Ma,  1999,  Chick,  2002). 

When  considering  teacher’s  knowledge,  Schulman  (1981)  had  identified  seven 
categories:  subject  matter  knowledge,  pedagogical  content  knowledge,  knowledge 
of  students’  thinking,  curricular  knowledge,  knowledge  of  classroom  management 
(general  pedagogical  knowledge),  knowledge  of  educational  contexts  and  know- 
ledge of  educational  ends,  purposes  and  values.  Three  of  them  have  explicit  focus 
on  content  knowledge:  subject  matter  knowledge,  pedagogical  content  knowledge 
and  curricular  knowledge.  Subject  matter  knowledge  is  knowledge  of  the  content 
of  the  discipline  per  se  (Shulman,  1986,  p.  9),  consisting  of  the  key  facts,  concepts, 
principles  and  explanatory  frameworks  in  a discipline.  Curricular  knowledge  in- 
cludes the  scope  and  sequence  of  teaching  programmes  and  the  materials  used  in 
them.  Pedagogical  content  knowledge  incorporates  how  subject  matter  knowledge 
is  used  in  teaching,  what  implies  knowing  ways  of  explaining  and  representing 
concepts. 

Rowland  (2006)  investigated  the  mathematics  content  knowledge  of  pre- 
service elementary  teachers  in  the  UK,  and  its  relation  to  classroom  teaching 
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performance.  The  effective  classroom  teaching  was  associated  with  secure  subject 
matter  knowledge,  and  many  pre-service  teachers  experienced  problems  with  the 
generalization  and  proofs.  Wilson  et  al.  (2009)  compared  mathematical  knowledge 
of  pre-service  and  in-service  teachers,  and  discovered  there  were  significant  dif- 
ferences in  the  amount  of  details,  vocabulary,  and  depth  of  explanation  generated 
by  the  two  groups,  whereas  the  knowledge  of  broad  mathematical  concepts  was 
similar.  Southwell  & Penglase  (2005)  found  deficiencies  in  pre-service  mathemat- 
ics teachers’  understanding  in  operations  with  common  fractions,  multiplication  of 
decimal  fractions  and  measurement.  Chick  (2004)  described  pre-service  mathe- 
matics teachers’  struggle  to  explain  equivalence  of  3/8  and  37,5%  and  to  justify 
the  procedure  of  adding  zero  to  the  end  of  whole  number  when  multiplying  with  10. 
Examining  knowledge  of  secondary  pre-service  teachers,  Wilburne  & Long  (2010) 
found  significant  content  weakness  in  data  analysis,  algebra,  and  pre-calculus  con- 
cepts. 

Even  though  there  has  been  much  research  in  pre-service  and  in-service  teacher 
subject  matter  and  pedagogical  content  knowledge  in  the  last  decades,  there  are 
still  unanswered  questions  that  demand  further  investigation  (Chick,  2003).  Guided 
with  this  implication,  we  examined  knowledge  of  mathematics  students  with  fo- 
cus on  the  primary  school  mathematics.  This  survey  was  motivated  by  following 
questions:  What  do  we  expect  that  our  mathematics  students  know  form  primary 
school?  What  does  “knowing”  include? 

Methodology 

Two  groups  of  mathematics  students  participated  in  this  study.  Eirst  group 
consisted  of  first  year  students  who  enrolled  in  the  five  year  study  programme  of 
mathematics,  with  intention  to  become  mathematics  teachers  for  either  primary  or 
secondary  school.  The  second  group  of  students  consisted  of  fourth  year  students 
who  had  studied  tertiary-level  mathematics  as  major  subject  and  after  third  year 
of  their  study  programme,  they  have  chosen  to  finish  their  studies  as  mathemat- 
ics teachers.  Our  sample  consists  of  71  students:  40  first  year  students  and  31 
fourth  year  students.  Participation  in  the  questionnaire  was  voluntary,  thus  some 
students  decided  not  to  answer  given  questions.  Those  students  are  not  included 
in  the  sample  number.  The  same  questionnaire  was  administered  to  the  both 
groups  of  students  at  the  beginning  of  academic  year  2010/2011,  during  lectures 
in  mathematics  courses.  Also,  time  for  filling  questionnaire  was  not  limited.  The 
questionnaire  contained  ten  items  that  covered  mathematics  subject  matter  in  the 
primary  school,  ranging  from  fifth  to  the  eight  grade.  Items  were  designed  to 
ascertain  whether  the  participants  had  the  necessary  mathematical  knowledge  on 
topics  they  were  expected  to  teach.  In  some  items  students  were  asked  to  explain 
certain  concepts  in  mathematics,  while  some  items  required  solution  to  a mathe- 
matical problem.  Responses  were  categorized  by  the  number  of  distinctly  different 
explanations/ solutions,  and  whether  the  explanations/solutions  were  correct.  Here 
we  will  not  address  all  categories  for  each  item  due  to  the  lack  of  the  space,  but  we 
will  address  to  the  most  surprising  results  that  emerged  form  students’  responses. 
All  questions  can  be  found  in  Appendix. 
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Results  and  discussion 

Results  of  conducted  survey  revealed  that  no  item  was  answered  correctly  in 
both  groups  of  students.  Further  more,  item  7.  had  no  correct  responses  at  all.  Low 
rate  of  correct  answers  can  be  also  found  in  other  items  as  well,  e.g.  in  item  5.  and 
item  6.  a.  The  items  with  most  correct  answers  were  4.b  and  6.b.  Other  result  on 
correctness  of  each  item  can  be  found  in  the  following  table. 


Questions 

First  year  N = 40 

Fourth  year  N = 31 

Item  1. 

10 

7 

Item  2. 

25 

17 

Item  3. 

10 

I 

Item  4.  a 

23 

25 

Item  4.b 

28 

22 

Item  5. 

3 

2 

Item  6. a 

7 

5 

Item  6.b 

25 

25 

Item  7. 

0 

0 

Item  8. 

17 

15 

Item  9. 

3 

4 

Item  10. 

21 

15 

Table  1.  Number  of  correct  responses  in  two  groups  of  students. 

As  written  above,  we  will  not  address  all  response  categories  for  each  item, 
but  we  will  report  the  most  interesting  results  and  findings  that  emerged  from  this 
questionnaire. 

Item  1.  The  first  item  in  this  survey  asked  students  to  explain  how  one  finds 
the  greatest  common  divisor  of  two  or  more  natural  numbers.  Only  quarter  of  sur- 
veyed students  gave  correct  response  (Table  2) . The  terms  as  prime  divisor  rarely 
emerged  in  their  explanations.  Some  students  used  correct  method  for  finding 
greatest  common  divisor  of  two  numbers  as  an  example,  but  without  explanation, 
so  their  responses  were  regarded  as  incorrect.  The  striking  outcome  of  this  item 
was  not  the  number  of  empty  responses,  but  the  number  of  students  who  have 
written  “nonsense”  in  their  answer.  This  nonsense  consist  of  students’  explanation 
that  the  greatest  common  divisor  can  be  found  by  multiplying  both  numbers. 


Categories 

First  year 
N = 40 

Fourth  year 
N=31 

Correct 

10 

7 

Empty 

14 

9 

Nonsense 

12 

11 

Used  example,  but  no  explanation 

4 

4 

Table  2.  Categories  of  students’  responses  to  Item  1. 


Item  5.  Both  groups  had  difficulty  with  writing  clear  explanations  how  one 
adds  two  whole  numbers.  The  extent  of  their  difficulties  can  be  seen  in  the  Table 
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3.  One  of  the  striking  outcomes  is  the  similarity  in  the  performance  of  both  groups 
where  a third  of  first  and  fourth  year  students  did  not  even  attempt  to  write  the 
explanation. 


Categories 

First  year 
N = 40 

Fourth  year 
N=31 

Correct 

3 

2 

Empty 

13 

11 

Incorrect  for  numbers  with  different  signs 

6 

4 

Nonsense 

4 

14 

Used  example,  but  no  explanation 

4 

0 

Table  3.  Categories  of  students’  responses  to  Item  5. 

Students  who  gave  explanation  rarely  used  the  conception  of  subtracting 
smaller  absolute  value  from  greater  in  their  explanations.  Responses  of  students 
who  used  examples  to  show  how  one  adds  two  whole  numbers  is  regarded  as  incor- 
rect since  the  item  asked  students  to  verbalize  the  procedure  e.g.  to  explain  what 
one  is  actually  doing.  Overall,  it  seems  that  it  was  difficult  for  students  to  use 
appropriate  wording  to  describe  what  was  happening  in  the  calculations.  Results 
of  this  item  do  not  indicate  that  students  can  not  add  whole  numbers,  but  that  they 
lack  fluency  with  the  language  and  conceptual  understanding  of  the  underlying 
procedure.  Similar  results  have  been  found  Thompson  & Thompson  (1996)  and 
Chick  (2003),  while  investigating  pre-service  teacher  in  USA  and  in  Australia.  This 
suggests  that  our  finding  is  not  just  isolated  case  of  Croatian  education  systems, 
but  goes  in  hand  with  world  problem  of  teacher  education. 

Language  in  mathematics  is  another  area  that  needs  special  attention.  Even 
though  mathematics  is  seen  as  universal  language,  the  assumption  that  students  who 
meet  mathematical  environments  every  day  will  be  able  to  understand  terminology 
and  syntax  of  problems  is  not  true.  There  can  be  found  many  studies  that  refuted 
this  assumption  (e.g.  Chick,  2001;  Southwell  & Penglase,  2005).  In  our  survey, 
this  can  be  seen  in  item  6. a where  students  calculated  the  exact  number  of  pupils 
who  play  football,  even  though  item  asked  for  the  part  of  pupils  in  the  relation  to 
the  whole  number  of  pupils.  Similarly,  in  the  item  7.  many  students  just  listed  types 
of  quadrilaterals  they  knew  without  any  attempt  of  classification. 

The  overusing  of  proportional  strategy  can  be  seen  in  the  item  9.  Students 
applied  the  proportion  algorithm  without  considering  “common  sense”  when  pos- 
ing the  algorithm.  Similar  findings  where  students  sought  security  in  proportion 
algorithm  without  even  considering  given  situation  can  be  found  in  Cramer  et  al. 
(1993)  and  Lim  (2008).  Result  of  item  9.  can  be  connected  with  overall  students’ 
performance.  In  their  responses,  students  showed  strong  desire  to  calculate,  what 
indicates  severely  procedural  orientation  to  the  mathematical  problems.  Students 
connect  their  knowledge  with  the  process  of  calculation.  This  was  found  even  in  the 
item  1.  and  the  item  5.,  where  written  explanations  were  sought.  Strong  procedural 
knowledge  was  found  among  the  wrong  responses  in  the  item  8.  Student  posed 
system  of  equations,  calculated  numbers  which  should  represent  years  of  sister 
and  brother,  but  did  not  check  if  these  solutions  satisfied  conditions  listed  in  the 
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problem.  Following  Davis  & McGowen  (2001),  this  kind  of  severely  procedural 
orientation  to  mathematics  requires  the  remedy  in  form  of  shifting  focus  to  con- 
ceptualization of  mathematics  as  discipline  rich  in  relationship,  not  just  discipline 
of  formulas  and  right  and  wrong  answers. 

Results  of  this  questionnaire  indicate  that  students  have  forgotten  large  portion 
of  primary  school  mathematics  (Table  1).  One  can  ask  is  it  fair  to  make  such  claim. 
We  have  investigated  two  groups  of  students  with  different  backgrounds.  First 
year  students  had  state  graduation  exam,  and  in  order  to  enrol  in  the  mathematics 
studies,  they  were  required  to  pass  A-level  exam.  On  the  other  hand,  fourth  year 
students  were  involved  with  studying  mathematics  for  three  years.  Therefore,  one 
should  think  the  mathematical  knowledge  of  both  groups  is  sufficient  enough  to 
deal  with  all  or  majority  of  given  items.  But  if  we  look  these  results  in  terms  of 
mathematics  education  across  the  world,  then  our  results  are  far  from  surprising 
(e.g.  Southwell  & Penglase,  2005;  Wilburne  & Long,  2010). 


Conclusion 

There  is  strong  evidence  that  completion  of  mathematics  courses  is  not  suffi- 
cient for  developing  the  mathematical  knowledge  needed  for  teaching  mathematics 
(Monk,  1994).  In  the  last  decade  many  studies  emerged  researching  mathematical 
knowledge  of  pre-service  teachers  and  emphasizing  that  without  sound  mathe- 
matical knowledge  many  pedagogical  processes  are  of  little  benefit  (e.g.  Davis  & 
McGowen;  2001,  Chick,  2001;  Southwell  & Penglase,  2005).  Those  studies  also 
addressed  the  need  of  designing  mathematics  education  programs  which  will  make 
connections  between  university  content  courses,  primary  and  secondary  methods 
courses,  and  primary  and  secondary  mathematics  content  across  the  curriculum. 
Those  courses  would  prepare  pre-service  teachers  for  teaching  school  mathematics; 
they  would  address  fundamental  mathematical  concepts,  help  pre-service  teachers 
to  master  procedures  and  concepts  and  also  develop  their  ability  to  articulate  them. 

At  the  Department  of  mathematics.  University  of  Osijek,  school  mathematics 
is  repeated  within  the  course  Methods  of  teaching  mathematics  1 through  sev- 
eral colloquiums.  Some  questions  from  the  questionnaire  were  given  in  the  first 
colloquium,  thus  we  are  able  to  compare  results  from  the  questionnaire  and  the 
colloquium.  Results  improved  significantly  for  all  questions  except  for  the  6.  a, 
where  students  still  calculated  exact  number  of  pupils  that  played  football.  How- 
ever, amount  of  time  spent  for  school  mathematics  is  still  inadequate,  since  we 
expect  that  students  would  go  though  school  mathematics  themselves  and  repeat 
required  subject  matter.  Thus  we  support  the  idea  of  course  in  school  mathematics, 
to  address  “forgotten”  mathematical  concepts  and  engage  students’  knowledge  in 
different  context;  context  of  teaching  and  not  learning. 


Appendix 

1 . Explain  determining  of  the  greatest  common  divisor  of  two  or  more  num- 
bers. 
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2.  Four  sailboats  meet  in  the  sea  around  the  island:  the  first  comes  every  16 
days,  others  every  8 days,  third  ever  12  and  fourth  every  6 days.  When  will 
sailboats  meet  again  in  the  sea  around  the  island? 

3.  Draw  all  the  axes  of  symmetry  of  the  following  figures:  rectangle,  square, 
rhombus,  isosceles  triangle  and  equilateral  triangle. 

4.  Using  fractions  express  the  part  of  figure  that  is: 

3 3 


2 


1 


1 

2 2 2 

5.  Explain  the  addition  of  two  whole  numbers. 

6.  Two-fifths  of  pupils  of  some  school  are  engaged  in  sports.  Of  those  involved 
in  sports,  three  sevenths  of  them  play  football. 

a)  What  part  of  the  pupils  is  in  the  school  football  team? 

b)  If  the  school  has  805  pupils,  how  many  of  them  participate  in  sports? 

7.  How  do  we  classify  quadrilaterals  with  respect  to  parallelism  of  their  sides? 

8.  Sister  is  8 years  older  than  her  brother.  In  5 years  she  will  be  two  times 
older.  How  old  is  the  sister  and  how  old  is  the  brother? 

9.  42  workers  may  build  the  dam  for  25  days.  After  5 days,  7 workers  were 
absent  from  work.  How  long  will  it  take  the  rest  of  the  workers  to  build  the 
dam? 

10.  If  a is  a real  number,  what  is  \/^  equal  to? 
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Abstract.  The  demands  for  new  approaches  in  teaching  and  ed- 
ucating Maths  teachers  are  getting  higher.  There  are  more  and  more 
talks  about  different  approaches  to  knowledge  representation  and  then 
to  assessment  and  evaluation  in  the  process  of  Maths  learning  and 
teaching. 

Concept  maps,  mental  maps,  knowledge  maps,  as  well  as  other 
similar  approaches,  give  a good  base  for  effective  and  lasting  learning 
for  both  teachers  and  students,  with  the  aim  of  improving  their  skills 
and  abilities. 

This  paper  discusses  the  influence,  strategy  and  trends  in  using 
concept  maps  in  educating  Maths  teachers. 
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Abstract.  This  article  attempts  to  present  arithmetic  operations 
using  a number  line  in  the  form  of  an  arithmetic  machine,  using  only 
“mechanic”  commands  such  as  the  length  of  the  step  and  whether  it 
is  directed  leftward  or  rightward,  i.e.  towards  or  away  from  the  zero, 
etc.  The  operations  will  be  presented  with  the  usual  visual  objects  used 
in  lessons,  such  as  arrows,  lines,  numbers  etc.,  thus  the  machine  can 
be  understood  as  a visual  syntax  in  the  vein  of  a logic  diagram.  The 
mechanical  result  is  a visual  figure  on  the  number  line,  in  the  form  of 
a stop  action  programme  on  a machine  that  corresponds  to  numerical 
operations  in  an  arithmetic  structure,  in  the  sense  of  logical  soundness 
and  completeness.  Numerical  operations,  with  particular  emphasis  on 
division  and  the  zero,  can  be  simulated  as  a programme  on  the  number 
line.  On  the  other  hand,  the  machine  can  be  used  in  mathematics 
lessons  as  a manifest  learning  tool  for  teaching  abstract  arithmetic 
operations  based  on  the  pupils’  immediate  intuition  in  school  lessons. 
The  processing  of  the  operations  on  the  number  line  is,  in  its  general 
form,  displayed  dynamically,  with  a small-scale  computer  programme. 


Keywords:  arithmetic  operations,  number  line,  diagram  syntax, 
computer  programme 


With  this  article,  I wish  to  present  a visual  depiction  of  arithmetic  operations 
on  a number  line.  The  model  of  the  number  line  is  present  in  virtually  every 
junior  grade  classroom.  Croatian  math  textbooks  for  the  second  and  third  grades 
of  primary  school  illustrate  arithmetic  operations  as  “jumps”  on  the  number  line. 
It  is  precisely  this  approach  that  I took  as  the  foundation  for  the  depiction  of  an 
arithmetic  machine  capable  of  explaining  arithmetic  operations  well  and  in  full. 
The  machine  is  usually  portrayed  as  a dyadic  tree  with  commands  that  are,  basi- 
cally, the  same  as  those  used  in  computer  programming,  such  as  COPY,  DELETE, 
GOTO  etc.  A complete  visual  depiction  of  abstract  mathematical  content  is  in  the 
vein  of  the  ideas  expounded  in  the  article  [2]  and  in  the  books  [1]  and  [4].  A me- 
thodical approach  to  number  line  lessons  is  enriched  with  a small-scale  computer 
programme  that  aims  to  present  the  theoretical  machines  generated  in  the  article. 
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Graphical  Objects 

1.  The  carrier  7]  = ( ) is  a continuous  one-dimensional  object  in  the 

form  of  either  an  open  or  a closed  line.  PC  t)  is  a subset  of  reference  points 
on  the  carrier  rj. 

2.  Let  us  define  the  structure  of  the  number  line  b = (to;/  ° !)■  h is  the 
selected  point,  and/  o / is  the  function  that  associates  each  graphical  object 
on  the  line  with  its  name.  / : P — > D is  the  orientation  function.  For  the  set 
D C N X N it  applies  that  it  is  a well-defined  set  and  that 

1.  {(n,0)|n  G N}  C D. 

2.  Let  us  select  the  point  t G P,  so  that  I{t)  = (0, 0), /(/(?))  = 0,  that  is, 
marked  as  to  in  short. 

3.  For  the  point  v G P we  can  say  that  it  is  visuall  between  to  and  iv  iff 
it  is  (/(w)  / 7(v))  and  (/(w)  < /(v)).  / : 7(P)  ^ P is  the  assigment 
function.  T is  the  set  of  the  names  of  the  graphical  objects  (N  C P).  If 
n,m  ^ 7(P)  (n  <m),  then  if{n)  <f{m)). 

3.  The  small  circles',  tn  = (o)/(n))  n G N x N are  the  basic  objects  on  the 
number  line. 

4.  The  jumps  IchiY,  t)  = ( f )(7,  t)  and  ^(y,  t)  = ( )(r,  t).  Y is 

the  head  of  the  jump  and  t is  the  tail  of  the  jump,  /i  G N is  the  name  of  the 
jump. 

5.  Generating  a.  jump  on  the  number  line  is  an  expansion  of  b with  the  jump: 

hhinyjM,  nr././i  G T)(f  o7)(y)  = nyj^h,  {if  = Ut,;,/!) 

added  onto  the  number  line  b U Uu. 

6.  The  point  tn  is  contained  within  the  jump  : (Vm,  k G N x N)  (f{m)  = 

Uyj^h  A/(k)  = {m  <n  <k)y  {k  <n  <m) 

~o  1 

tg  is  contained  within  Ic 

7.  The  intersection  Zl  is  the  relation:  /;,/,(y,  T)ZI/i:(y,T)  ij  G {c,p}  iff 

(\fm,n  G N X N),/(m)  = nyj_k,f{n)  = Uryi:  (G  and  tm  contained 

within  the  jump  /,/,). 


0123456789 


8.  Copying  - the  COPY  operation:COPY„  /;/,(y,  t)  = /;/,(y,  z){nyj^h  =f{n)) 

9.  Removing  - the  DELETE  operacija:  DELETE  Uh{Y,  t)  is  the  number  line 
bA/,(y,T) 

10.  Doubling  Ij^iy,  z)(j  G {c,p})  is:  ljm{Y,  z)  so  that  ljd+i{Y,  z) 

= COFYn^j^d  ljd{Y,T:){n 

11.  The  midpoint  between  points  ta  and  tp  is  point  tx,  which  is  such  that 
ljd{Y,T^)  {nyji  =f{oc)  izadn^jd  =f{P))  doubling  ljh{Y,z)  {ny^hi  = f (oc) 
and«T,M  = f{x)). 
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12.  Rotation  (inversion)  J - an  operation  on  the  jumps  replacing  y and  t. 


Machines  for  Numerical  Operations  in  N 

The  points  on  the  number  line  are  assigned  the  names  of  natural  numbers 
f : D = {(n,0),n  G N}(n,0)  n,  (T  = N),  graphical  objects  (small  circles  on 
the  line)  are  equated  with  their  names,  i.e.:  t„  = n. 

Let  us  define  the  arithmetic  operations  on  the  number  half-line,  to  = 0 is  the 
initial  point  of  the  half-line. 

0 1 2 3 4 5 6 7 8 9 10  11  12  13  14  15  16  17  18  19  20  21  22 

1. Adding  a + bis: 


1.  START:  lc{y,  t)  , = 0 and  jump  from  0 to  the  left  addend; 

2.  Generate  jump  Ipi  (y,  t)  ny^i  =0,  n-^^pi  =b,  lp(y,  T)=COFYn^c  Jlpi  (f , t)  ; 

3.  is  the  result  STOR 

2.  Subtracting  a — b is: 


1.  START:  lc{y , t),  = 0 i ^t,c  = a jump  from  0 to  the  minuend; 

2.  Generate7um;i/pi(7,  t)  ny^pi=0,n-c,pi=b,lp{y , T)=COVYn^^c  JlpiiY, 

3.  Ht,/)  is  the  result  STOP. 

lfb>a,  the  result  cannot  be  displayed  on  the  number  line. 

3.  Multiplication:  a x b = c: 

1.  START:  generate  on  the  number  line  lpi{y,z),  ny^pj  = 0 i nT,p,i  = 0, 

Ipiir,  t),  = 0 i nT,p,i  = a; 

2. 


JlchiY,^)  =J{f  ^)  = lchi^  Y)(T,r) 


0123456789 


0123456789 


i < b 

^p,i+i  (f)  — COPY  n-ip  i Ipjiy ) ) 
i^i  + \,  GOTO  2. 


012345678 
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4.  Division:  a : b in  X: 

1.  START:  ld{Y,  t),  «y,d=0  i UT:^ci=a,  (ime:  /=0) 

2.  z),ny^pj,=OinT:^pj,=b,  lpi{y,  t)=COPYt,c,;  Jlpi>{y,  t),  DELETEZp,v(y,  t) 


33-  ipi{y  1 t)  ^ iciiy t t) 


3b.  Iciiy ■,T^  ^ ipiiy 

ic(i+\)  (7)  t),  ?^y^c(^+l)  i ^^T,c(/+1)  ~^T,pi 


4a.  /d(r,T)  ;zi  /p,-(r,T) 


4b.  /d(r,T)  Zilpi{y,z) 


DELETE  lpi{y,  z).  GOTO  7. 


4ba.  «T,d=0 

^c(i'+l)  (y ) t),  Wy^c(;+1)  ^T,c(i+1)  0 

DELETE  /d(r,  t).GOTO  7. 


4bb.  rzT,ci  7“  ^ 

GOTO  3b. 


5a.  /c(;+i)(r,T)  5b.  /c(i+i)(r,  t) 
^ ^d(y ) t)  ^ ^c((y ) t) 


6.  DELETE  /d(7,  t),  / ^ / + 1,  GOTO  2. 

7.  Result:  the  quotient  is  the  name  of  the  last  blue  jump  i and  the  remainder 
«t,c,/+i-STOR 


Let  us  check  the  procedure. 


Example  1.  25  : 3 = 8 and  r.  1 


/\ 


0 1 2 3 4 5 6 7 8 9 10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25 


We  can  select  only  this  row  of  junctions  in  the  division  machine’s  tree:l.  ,2., 
3b., 5a.,  6.,  2.  The  same  procedure  is  repeated  8 times.  The  ninth  time,  we  turn 
towards  3a.  4a.  and  reach  STOR 


40 


Miljenko  Stanic 


Example  2.  6 : 0 = 

1.  1.  START  (draw  red  jump)  and  2.  Draw  blue  jump  3.  3a.  reject,  3b.  accept 
4.  5b.  reject  5.  6.  accept  and  return  to  2. 


012345678  012345678 


The  cycle  repeats  itself  and  never  reaches  the  STOP  command.  The  machine 
cannot  stop.  The  task  is  insoluble! 

Example  3.  0 : 0 

1.  START  (draw  red  jump)  / = 0 2.  apply  2.  Draw  blue  jump  3.  3a.  and  3b. 
are  acceptable,  let  us  select  3a. 

\ 

\ 

\ 

\ 

i ^ ^ ^ ^ ^ ^ ^ ^ 

012345678 


4.  we  can  apply  only  4b.  5.  only  4ba.  is  acceptable.  6.  we  reach  stop  STOP, 
or  31.  we  accept  3b. 

41.  we  can  apply  only  5b.  51.  we  apply  6.  61.  we  apply  2.  71.  we  can  accept 
3a.  and  reach  the  STOP  command  via  either  3b.  or  4bb.  The  cycle  can  be  repeated 
many  times,  according  to  wish. 


012345678  012345678 


The  term  is  undefined. 


0 123456789  10  11 


Example  4.  0 : 6 = 

1.  START  (draw  red  jump)  i = 0 2. apply  2.  draw  blue  jump 


012345678 


3.  we  can  accept  only  3a.  4.  only  4a.  is  acceptable  and  we  reach  the  STOP 
command  . The  result  is  0. 
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Visualising  Division  and  Rational  Numbers 

Is  it  possible  to,  by  expanding  the  number  line  with  new  points  in  the  existing 
visual  system,  justify  the  equivalence  formula:  a : b = c 4=^  a = b ■ c7  The 
visual  task  is  to  find  a jump  (associated  with  c)  of  such  a length  with  which  we 
can,  by  starting  from  0 and  consecutively  repeating  the  same  jump  for  a b number 
of  times,  reach  the  dividend  on  the  number  line. 

Let  us  observe  example  4:5. 


/ 

' o o o 

0 12  3 4 

The  task  is  to  find  a point  between  0 i 1 so  that  a jump  from  0 to  that  point, 
when  sequentially  repeated  5 times,  reaches  point  4.  The  jump  should  have  a length 

smaller  than  1.  Is  it  at  least  -? 

2 

Let  us  draw  the  midpoints  of  the  segment  units  into  the  segment  from  0 to  4. 
Therefore,  we  have  doubled  the  number  of  points  (green  points)  in  the  observed 
segment.  Do  we  have  a sufficient  number  of  points  for  at  least  5 jumps?  Yes. 
Let  us  mark  the  point  that  we  have  reached  in  red.  However,  we  have  not  reached 
4.  Can  we  extend  the  jump  with  another  halving  of  the  points  existing  from  the 
red  point  to  point  4?  Purple  points.  We  have  completed  5 jumps,  but  this  is  still 
insufficient  to  reach  point  4. 


0 12  3 4 


Can  we  continue  the  process?  That  is,  let  us  draw  in  new  midpoints  (yellow 
points)  in  the  quotient  from  the  point  reached  to  the  dividend.  Insufficient  for  new 
jumps!  We  need  at  least  5 points!  Let  us  repeat  the  process  with  another  halving 
(blue  points).  With  this  division,  we  have  generated  an  amount  of  points  sufficient 
for  5 new  jumps!  Let  us  observe  that,  after  the  last  division,  3 more  possible  jumps 
remain  at  our  disposal,  just  like  in  the  first  division  (the  green  points).  Therefore, 
the  process  will  be  repeated  and  continued  into  infinity. 


0 12  3 4 


The  graph  above  displays  the  length  of  the  requested  jump  (the  dotted  yellow 
jump).  If  we  had  continued  the  process,  we  would  have  ended  up  closer  to  the 
dividend,  but  thus  compromising  visual  readability.  The  blue  jumps  drawn  show 
that  we  could  have  reached  the  same  result  by  looking  for  only  one  jump  the  length 
of  the  dividend  at  a time!  Let  us  write  out  the  conclusions  that  clearly  emanate  from 
a visualisation  of  the  problem:  1 . Halving  the  segment  between  the  point  reached 
and  the  divisor  is  a visual  operation  of  doubling  the  number  of  points  2 A jump  is 
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possible  if  we  have  at  our  disposal  a number  of  new  points  that  is  at  least  equal  to 
the  dividend.  3.  Upon  deciding  on  a jump,  there  are  only  two  possibilities:  either 
the  jump  is  impossible  or  only  one  jump  is  available. 

Finally,  we  can  simplify  all  the  visual  actions  on  the  number  line.  According 
to  2.,  it  follows  that  we  have  to  have  a sufficient  number  of  points  in  every  step  of 
the  process.  With  each  halving  we  double  the  number  of  points  between  the  last 
red  point  and  the  dividend. 


Observe  and  carefully  follow  the  upper  graph.  The  jumps  drawn  with  a full 
line  correspond  to  the  length  of  the  divisor. 


0123  45678 


The  red  dotted  line  represents  the  remainder  in  the  sense  of  division  in  the 
N set.  The  grey  dotted  line  is  the  red  doted  line  doubled.  Let  us  begin  with  the 
process: 

1.  The  red  dotted  line  to  the  dividend  does  not  overlap  the  blue  jump,  let  us 
mark  the  point  0 in  red.  The  filled  point  signifies  that  the  endpoint  t associated 
with  jump  c is  not  closer  to  0 than  the  same  point. 

2.  The  doubled  dotted  line  overlaps  the  red  jump,  therefore  we  add  a point 
filled  in  red. 

3.  The  doubled  remainder  reaches  point  6,  overlapping  the  green  jump.  Let 
us  associate  the  midpoint  marked  with  a green  point. 

4.  The  doubled  remainder  reaches  point  2,  which  is  insufficient  to  overlap 
the  yellow  jump.  Let  us  mark  the  midpoint  with  a yellow  border  (the  midpoint  is 
always  between  the  filled  point  towards  0 and  the  nearest  empty  point  after  0)  . An 
empty  point  signifies  that  endpoint  t associated  to  jump  c is  not  further  from  the 
same  point. 

5.  The  doubled  remainder  reached  point  4,  (the  dividend),  which  puts  us  in  the 
same  position  as  in  1.  The  process  cannot  stop.  We  cannot  complete  a red  dotted 
jump  0 in  length. 

3 13 

The  requested  jump  is  larger  than  -,  but  smaller  than  — etc.  Now  we  can 

4 16 

formally  write  out  the  visual  procedure.  First,  we  will  write  out  the  function  of 
naming  the  new  points  obtained  through  halving. 

13.  g{n)  is  the  name  of  the  point  whose  string  is  composed  of  0 and  I,  n + 2 
in  length  so  that: 

a)  g(— 1)  is  an  empty  string 

b)  g(0)  = 1 andg(l)  = 10 

c) g{n  + l)  = g{n)0  or  g{n)l  [n  > 1) 
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14.  Let  us  expand  with  new  graphical  objects,  small  circles'. 

tb_  = tg{n)  = = gin  - 1)0), 

= tgi^n)  = (•),  isin)  = g{n  - 1)1),  n G N. 

We  start  from  division  within  the  N set,  which  we  have  described  in  the  text 
above,  a is  the  dividend,  b is  the  divisor,  q is  the  number  of  blue  jumps  r is  the 
length  of  the  dotted  red  jump.  Let  us  suppose  that  r > 0. 

1.  START:  5 = 0 (0  state) /(^)  = g(0)  = g(-l)l  and/(<7  + 1)  = g(l)  = 
g(0)0,  draw  L.g(o),  h,g{i)  and  Icq{y,  t),  Uy^cO  = 0 and  = r.  Let  us  write  out  the 
sequences:  v(l)  = r. 

2.  Let  s = i.  For  k = min;^  (0  < x < s)g{s  — x)  = g{s  — x — 1)1 
(if  at  least  x = 5),  there  is  one  single  point  tck  = tg{s-k)-  For  ^ = niin^ 
(0  < z < s)g{s  — z)  = g(s  — z — 1)1  (if  at  least  z = 5 — l),there  is  one  sin- 
gle point  tbh  = tg^s-h)- 

3.  Let  us  double  the  red  jump  Idif,  t),  forming  the  jump  IcdiY,  t),  v{s  + 1)  = 

V(^), 

4.  generate jMmp  /^(y,  t),  Uy^pi  = 0,  = b.  lpi{Y,  t)  = COPY n.c,cd  JlpiY,  "r)- 

There  are  only  two  options. 


5a.  IpiiY,  t)zi  IcdiY,  t):  DELETE /p,- (7,  t). 
Draw  on  the  midpoint  between  tck  i 1m 
gis  + 1)  = g(^)0,  5 — > 5 + 1.  GOTO  2. 


5b.  /crf(r,T)zi/p;(7,T)  than 
gis  + 1)  = g(5)l,  s ^s+1. 
draw/c(;+i)(7,T):  =0 

and  n.c,c{i+i)  ~ biz, pi 


nz,c{i+i)  / 0 nT,c(i+i)  = 0,GOTO  6 


3w  < s,  so  that  v(w  + 1)  = v(w),n^c(!+i)  GOTO  2. 

Then  we  will  say  “The  process  repeats  itself  into  infinity.  Select  point  tg(^s)i  ^is 
the  last  and  GOTO  6.  or  continue  andi  GOTO  2.  Concerning  the  following  points 
of  the  lg(.s)i  type,  the  length  of  the  result  q will  be  better  in  the  sense  that  b • q will 
be  closer  a.” 


6.  Draw  (green)  Ifiy,  t),  so  that  ny^^  = 0 and  n T,pi+l  — lg(.s)l,  STOP. 

If  we  name  the  points  on  the  number  line  within  the  binary  system,  then  the 
green  jump  represents  a rational  number  decimally  written  as:  q.g'  is  + 1)  so  that 
g(5+  1)  =g(l)g'(5+  1). 
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Whole  Numbers 


We  commence  from  the  N number  line.  Function  1 (assigment)  remains  the 
same.  Let  us  voluntarily  choose  a number  n according  to  our  needs.  Let  us  form  a 
new  identity  function/, 


f{k)  = 


k — n,  k > n 
— {n  — k),  k < n 


-12-11-10  -9  -8  -7  -6  -5  -4  -3  -2  -1  0 1 2 3 4 5 6 7 8 9 10  11  12 

The  image  displays  a representation  of  the  number  line  Z for  n > 12.  Sub- 
traction: a — b 

1.  START:  generate  on  the  number  line  Ic{y , t),  ny^c  = 0 i lp\{Y ■,  t), 

= 0 i nT,p,i  = b 

2.  lpi{Y,  t)  = Jlpi{Y,  t),  delete  /pi (7,  t) 

3.  /p3(7,  t)  = COPY  IpiiY,  t),  DEEETE  /p2(r,  t) 

4.  = c result  of  the  sum.  STOP. 


-12-11-10  -9  -8  -7  -6  -5  -4  -3  -2  -1  0 1 2 3 4 5 6 7 8 9 10  11  12 


Multiplication:  a x b = c 

1.  START:  generate  on  the  number  line  lpj{Y,T:),  ny^pj  = 0 i nT,p,i  = 0, 

/pi  (7,  t),  ?iy,p,i  = 0 i = a, 

2. 


/ < \b\ 

lp,i+\  (F)  7')  — COPY  n-ipilpiiy , t), 
/ ^ / + LGOTO  2. 


b <0,  Ic{Y:  7),  b >0,c  = result,  STOP 

^Y,c  — f^z,c  — f^T,p,\b\ 

/pi(7,T)  =COPYo//c(7,'7), 

DEEETE  /c(7,  t) 
c = «T,c,i>  result,  STOP. 


-15  -14-13-12-11-10  -9  -8  -7  -6  -5  -4  -3  -2  -1  0 1 2 3 4 5 6 7 8 9 10  11  12  13  14  15 


/ > \b\ 

DELETE/p/7,  t),c  = n^^p^\t,\ 
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Number  Line  on  a Circle 

Let  us  place  the  number  line  on  an  object  topologically  different  from  the  line 
and  other  constructions  topologically  equivalent  to  it.  Let  us  place  it  on  a circle. 
The  arithmetic  machines,  basically,  remain  the  same,  but  the  pupils  can  be  shown 
that  the  results  become  unexpectedly  different.  For  example,  that  the  sum  of  two 
numbers  larger  than  0 equals  0.  (5  + 7 = 0,  as  the  image  below  with  12  selected 
points  from  the  P set  shows) 


The  names  of  semitones  within  the  chromatic  C major  scale  can  also  be  drawn 
into  the  circles  with  numbers.  In  this,  the  possibility  of  connecting  the  methodics 
of  music  education  and  of  mathematics  is  opened.  The  image  above  shows  the 
addition  of  £"  + Cis  = T on  a C major  scale.  The  “bizarre”  table  below  is  a 
multiplication  table  of  flat  semitones. 
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By  successively  adding  5 or  7 semitones  to  the  semitones  within  the  C major 
scale,  an  array  of  scales  with  the  sharp  and  flat  symbols  continuously  changing 
will  be  formed.  In  music,  this  is  known  as  a circle  of  fifths  or  fourths,  which  is  not 
bizarre  but  is,  in  its  essence,  arithmetic  on  a circle.  Musical  examples  could,  in  a 
methodic  sense,  be  used  to  expand  on  the  definition  of  the  number  line  and  to  cast 
a new  light  on  arithmetic  realised  through  the  manipulation  of  computer  graphical 
objects. 
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2. 

Skills,  knowledge  and  abilities  of  students 


In  the  second  chapter  the  authors  present  results  of  their  research  conducted 
among  students  of  teacher  studies.  The  research  investigated  levels  of  student 
achievements  in  important  skills  and  knowledge  relevant  to  the  profession.  We  find 
particularly  important  the  results  of  research  implemented  in  order  to  familiarise 
ourselves  better  with  student  strategies  of  problem  solving  and  their  spatial  thinking 
skills. 


The  3"‘*  International  Scientific  Colioquium  49 

MATHEMATICS  AND  CHILDREN 


Analysis  of  Inductive  Reasoning 
in  Mathematical  Problem  Solving 
among  Primary  Teacher  Students 


Vida  Manfreda  Kolar  and  Tatjana  Hodnik  Cadez 

Faculty  of  Education,  University  of  Ljubljana,  Slovenia 


Abstract.  Inductive  reasoning  is  part  of  the  discovery  process, 
whereby  the  observation  of  special  cases  leads  one  to  suspect  very 
strongly  (though  not  know  with  absolute  logical  certainty)  that  some 
general  principle  is  true.  Deductive  reasoning,  on  the  other  hand,  is  the 
method  one  would  use  to  demonstrate  with  logical  certainty  that  the 
principle  is  true. 

Both  are  necessary  parts  of  mathematical  thinking.  When  we 
develop  mathematical  thinking  in  the  early  school  years,  we  mainly 
deal  with  the  situations  in  which  children  have  to  reason  inductively. 
Inductive  reasoning  is  used  as  a strategy  in  teaching  basic  mathematical 
concepts,  as  well  as  in  problem  solving  situations.  When  educating 
primary  teachers,  the  emphasis  is  also  on  developing  problem  solving 
skills  based  on  inductive  reasoning.  We  believe  that  in  mathematics 
only  those  teachers  who  have  competences  in  inductive  reasoning  can 
create  and  deal  with  the  situations  in  the  classroom  which  contribute  to 
the  development  of  those  competences  in  children,  as  well. 

In  the  paper  the  results  of  the  study  on  primary  teacher  students’ 
competences  in  inductive  reasoning  are  presented.  The  students  were 
posed  a mathematical  problem  which  provided  for  the  use  of  inductive 
reasoning  in  order  to  reach  the  solution  and  make  generalizations.  Their 
results  were  analysed  from  different  perspectives:  from  the  perspective 
of  understanding  the  problem  situation,  from  the  perspective  of  the 
problem  solving  depth,  and  from  the  perspective  of  the  applied  strate- 
gies. Further,  we  analysed  the  relationship  between  the  depth  and  the 
strategy  of  problem  solving  and  established  that  not  all  strategies  were 
equally  effective  at  searching  for  problem  generalizations.  Students 
more  often  decided  on  the  strategies  which  did  not  drew  on  the  basic 
problem  context;  moreover,  preserving  the  problem  context  even  turned 
out  to  be  less  effective  than  the  mere  operating  with  numbers  at  the 
transition  into  higher,  more  abstract  stages  of  problem  solving. 


Introduction 

In  many  cases  the  researchers  related  the  inductive  reasoning  process  to  the 
problem  solving  context  (e.g.  Christou  & Papageorgiou,  2007;  Kiichemann  & 
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Hoyles,  2005;  Stacey,  1989).  These  examinations  pay  attention  to  the  cognitive 
process,  as  well  as  to  the  general  strategies,  that  students  use  to  solve  the  posed 
problems.  Problem  solving  is  considered  a highly  formative  activity  in  mathe- 
matics education  fostering  various  kinds  of  reasoning,  more  specifically,  inductive 
reasoning. 

The  manner  in  which  a student  addresses  the  problem,  the  manner  of  his  solv- 
ing it,  the  conclusions  he  manages  to  reach,  his  reflections  on  his  findings,  his 
testing  of  applying  reasoning  in  new  situations  - all  these  are  the  key  elements  of 
mathematical  reasoning.  Reasoning,  explanation  and  proof  at  an  appropriate  level 
of  sophistication  should  therefore  be  a prominent  part  of  learning  mathematics  of 
students  of  all  ages. 

In  literature  terminology  of  various  kinds  is  used  when  addressing  resoning 
in  mathematics:  deductive  resoning,  inductive  resoning,  mathematical  induction, 
inductive  inferring,  reasoning  and  proving.  Deductive  reasoning  is  unique  in  that 
it  is  the  process  of  inferring  conclusions  from  the  known  information  (premises) 
based  on  formal  logic  rules,  where  conclusions  are  necessarily  derived  from  the 
given  information,  and  there  is  no  need  to  validate  them  by  experiments  (Ayalon  & 
Even,  2008).  Although  there  are  also  other  accepted  forms  of  mathematical  prov- 
ing, a deductive  proof  is  still  considered  as  the  preferred  tool  in  the  mathematics 
community  for  verifying  mathematical  statements  and  showing  their  universality 
(Hanna,  1990;  Mariotti,  2006;  Yackel  & Hanna,  2003).  On  the  other  hand,  induc- 
tive reasoning  is  also  a very  prominent  manner  of  scientific  thinking,  providing  for 
mathematically  valid  truths  on  the  basis  of  concrete  cases.  Polya  (1967)  indicates 
that  inductive  reasoning  is  a method  of  discovering  properties  from  phenomena  and 
of  finding  regularities  in  a logical  way,  whereby  it  is  crucial  to  distinguish  between 
inductive  resoning  and  mathematical  induction.  Mathematical  induction  (MI)  is 
a formal  method  of  proof  based  more  on  deductive  than  on  inductive  reasoning. 
Some  processes  of  inductive  reasoning  are  completed  with  MI,  but  this  is  not  always 
the  case  (Canadas  & Castro,  2007).  It  is  useful  to  distinguish  between  inductive 
reasoning  and  inductive  inferring  (Klauer  & Phye,  2008).  The  former  is  aimed 
at  detecting  generalizations,  rules,  or  regularities,  an  inductive  inference,  whereas 
the  latter  extends  the  generalization  beyond  the  scope  of  experience  by  asserting 
something  about  a nonobserved  or  even  nonobservable  universe  of  objects  (Klauer 
& Phye,  2008).  Stylianides  (2008,  2008a)  uses  the  term  reasoning-and-proving 
(RP)  to  describe  the  overarching  activity  that  encompasses  the  following  major 
activities  that  are  frequently  involved  in  the  process  of  making  sense  of  and  in 
establishing  mathematical  knowledge:  identifying  patterns,  making  conjectures, 
providing  non-proof  arguments,  and  providing  proofs.  Given  that  RP  is  central 
to  doing  mathematics,  many  researchers  and  curriculum  frameworks  in  different 
countries,  especially  in  the  United  States,  noted  that  a viable  school  mathematics 
curriculum  should  provide  for  the  activities  that  comprise  RP  central  to  all  students’ 
mathematical  experiences,  across  all  grade  levels  and  content  areas  (Ball  & Bass, 
2003;  Schoenfeld,  1994;  Yackel  & Hanna,  2003). 

From  our  curricular  perspective,  we  believe  that  at  elementary  school  level 
inductive  reasonig  is  more  appropriate  than  deductive  reasoning  in  mathematics 
teaching  and  learning,  whereas  at  the  secondary  level  the  basic  goal  of  mathematics 
is  to  develop  also  a certain  level  of  deductive  reasoning,  mathematical  induction  and 
abstraction.  At  the  end  of  the  secondary  school  students  should  master  operations 


Analysis  of  Inductive  Reasoning  in  Mathematical  Problem  Solving 


51 


of  abstract  thinking  allowing  them  to  understand  conjecture  formulation,  observa- 
tion of  particular  cases,  experimentation,  hypothesis  validation,  and  to  elaborate 
explanations.  This  knowledge  is  further  delved  into  at  the  study  of  mathematics  at 
the  Faculty  of  Mathematics  and  Physics,  whereas  with  other  study  courses  the  com- 
plexity of  mathematics  is  in  line  with  the  particular  study  programme  competences. 
The  primary  teacher  students,  who  participated  in  our  research,  were  presented  with 
rather  concrete  mathematics  study  contents,  comprising  certain  abstract  elements, 
such  as  mathematical  induction,  deductive  rescuing  and  inductive  reasoning. 


Inductive  Reasoning 

As  our  research  shall  be  dedicated  to  inductive  reasoning,  this  will  be  speci- 
fied from  the  perspectives  of  various  theories  and  practices.  Glaser  and  Pellegrino 
(1982,  p.  200)  identified  inductive  reasoning,  as  follows:  “All  inductive  reasoning 
tasks  have  the  same  basic  form  or  generic  property  requiring  that  the  individual 
induces  a rule  governing  a set  of  elements.”  There  is  general  agreement  that  tasks 
such  as  classifications,  analogies,  incomplete  series,  and  matrices  require  inductive 
reasoning,  and  that  they  are  widely  accepted  as  typical  inductive  reasoning  tasks 
(Biichel  & Schamhorst,  1993).  It  is  commonly  accepted  that  these  four  types  of 
tasks  require  the  detection  of  a rule  or,  more  generally,  of  a regularity  (Klauer  & 
Phye,  2008). 

Inductive  reasoning  tasks  can  be  solved  either  by  applying  the  analytic  strat- 
egy or  the  heuristics  strategy  (Klauer  & Phye,  2008). The  former  enables  one  to 
solve  every  kind  of  an  inductive  reasoning  problem.  Its  basic  core  would  be  the 
comparison  procedure.  The  objects  (or,  in  case  of  correlations,  the  pairs,  triples, 
etc.,  of  objects)  would  be  checked  systematically,  predicate  by  predicate  (attribute 
by  attribute  or  relation  by  relation),  in  order  to  establish  commonalities  and/or 
diversities.  However,  the  solution  seekers  generally  tend  to  resort  to  the  heuris- 
tics strategy,  at  which  a participant  starts  with  a more  global  task  inspection  and 
constructs  a hypothesis,  which  can  then  be  tested,  so  that  the  solution  might  be 
found  more  quickly,  depending  of  the  quality  of  the  hypothesis.  We  believe  that 
problem  solving  in  mathematics  is  based  on  both  strategies,  with  pupils,  who  learn 
mathematics,  as  well  with  scientists,  who  can  reach  new  cognitions  by  applying 
either  the  analytic  startegy  or  the  heuristics  one. 

There  are  various  theories  as  to  the  detailed  identification  of  the  stages  of 
inductive  reasoning.  Polya  (1967)  indicates  four  steps  of  the  inductive  reasoning 
process:  observation  of  particular  cases,  conjecture  formulation,  based  on  previ- 
ous particular  cases,  generalization  and  conjecture  verification  with  new  particular 
cases.  Reid  (2002)  describes  the  following  stages:  observation  of  a pattern,  the 
conjecturing  (with  doubt)  that  this  pattern  applies  generally,  the  testing  of  the 
conjecture,  and  the  generalization  of  the  conjecture.  Canadas  and  Castro  (2007) 
consider  seven  stages  of  the  inductive  reasoning  process:  observation  of  particular 
cases,  organization  of  particular  cases,  search  and  prediction  of  patterns,  conjecture 
formulation,  conjecture  validation,  conjecture  generalization,  general  conjectures 
justification.  There  are  some  commonalities  among  the  mentioned  classifications: 
Reid  (2002)  believes  the  process  to  complete  with  generalization,  Polya  adds  the 
stage  of  “conjecture  verification”,  as  well  as  Canadas  and  Castro  (2007),  who 
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name  the  final  stage  “general  conjectures  justification”.  In  their  opinions  general 
conjecture  is  not  enough  to  justify  the  generalization.  It  is  necessary  to  give  rea- 
sons that  explain  the  conjecture  with  the  intent  to  convince  another  person  that  the 
generalization  is  justified.  Canadas  and  Castro  (2007)  divided  the  Polya’s  stage 
of  conjecture  formulation  into  two  stages:  search  and  prediction  of  patterns  and 
conjecture  formulation.  Also  Stylianides  (2008,  2008a)  refers  to  different  stages  of 
ductive  reasoning,  which  are  first  divided  in  a very  complex  manner  into  Dimension 
1 and  Dimension  2,  within  which  the  following  stages  are  identified:  Dimension 
1 uses  (1)  the  notion  of  “making  mathematical  generalizations”  - the  transporting 
of  mathematical  relations  from  the  given  sets  to  new  sets,  for  which  the  original 
sets  are  subsets  (Polya,  1954)  - to  capture  two  of  the  activities  that  comprise  RP 
(“identifying  a pattern”  and  “making  a conjecture”),  and  (2)  the  notion  of  “provid- 
ing support  to  mathematical  claims”  to  capture  the  other  two  activities  that  comprise 
RP  (“providing  a proof”  and  “providing  a nonproof  argument”).  Dimension  2 is 
complementary  to  Dimension  1 and  concerns  the  purposes  (functions)  that  patterns, 
conjectures,  and  proofs  may  serve  in  students’  engagement  in  RP. 

The  above  stages  can  be  thought  of  as  levels  from  particular  cases  to  the  general 
case  beyond  the  inductive  reasoning  process.  Not  all  these  levels  are  necessarily 
present,  there  are  a lot  of  factors  involved  in  their  reaching. 


Empirical  part 

Problem  Definition  and  Methodology 

In  the  empirical  part  of  the  study  conducted  with  primary  teacher  students  the 
aim  was  to  explore  their  competences  in  inductive  reasoning.  In  the  early  school 
years  inductive  reasoning  is  often  used  as  a strategy  to  teach  the  basic  mathematical 
concepts,  as  well  as  to  solve  problem  situations.  In  the  very  research  the  focus 
was  on  the  use  of  inductive  reasoning  at  solving  a mathematical  problem.  We  be- 
lieve that  in  mathematics  only  teachers  who  have  competences  in  problem  solving 
can  create  and  deal  with  the  situations  in  the  classroom  which  contribute  to  the 
development  of  those  competences  in  children. 

The  empirical  study  was  based  on  the  descriptive,  non-experimental  method 
of  pedagogical  research. 

Research  Questions  The  aim  of  the  study  was  to  answer  the  following  research 
questions: 

1 . Is  the  posed  problem  situation  perceived  as  a problem  by  the  students? 

2.  Do  the  students  possess  adequate  knowledge  to  solve  the  problem  by  apply- 
ing the  inductive  reasoning  strategy? 

3.  How  much  do  the  students  delve  into  problem  solving,  i.e.  which  step  in 
the  process  of  inductive  reasoning  do  they  manage  to  take? 

4.  Which  strategies  are  used  by  the  students  at  their  search  for  problem  gener- 
alizations? 

5.  Are  all  the  applied  strategies  equally  effective  for  making  generalizations? 
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6.  To  what  extent  do  the  used  strategies  of  problem  solving  preserve  the  context 
of  the  source  problem  situation? 

Sample  Description 

The  study  was  conducted  at  the  Faculty  of  Education,  University  of  Ljubljana, 
Ljubljana,  Slovenia  in  May  2010.  It  encompassed  89  third-year  students  of  the 
Primary  Teaching  Programme. 

Data  Processing  Procedure 

The  students  were  posed  a mathematical  problem  which  provided  for  the  use 
of  inductive  reasoning  in  order  to  reach  a solution  and  make  generalizations.  The 
problem  was,  as  follows: 

The  students  were  solving  the  problem  individually,  they  were  simultaneously 
noting  down  their  deliberations  and  findings,  they  were  also  aided  with  a blank 
square  paper  sheet  of,  so  they  could  delve  into  the  problem  by  drawing  new  spirals. 

On  the  picture  below  the  shaping  of  the  spiral  in  the  square  of  4x4  is  presented. 
Explore  the  problem  of  the  spiral  length  in  squares  of  different  dimensions. 


The  data  gathered  from  solving  the  mathematical  problem  were  statistically 
processed  by  employing  descriptive  statistical  methods.  The  students’  solutions 
were  analysed  from  different  perspectives:  from  the  perspective  of  understanding 
the  problem,  from  the  perspective  of  the  problem  solving  depth,  and  from  the  per- 
spective of  the  applied  strategies.  As  some  students  tested  various  problem  solving 
strategies,  thus  contributing  more  than  one  solution  to  the  result  analysis,  the  de- 
cision was  made  to  use  the  numebr  of  the  received  solutions  and  not  the  number 
of  the  participating  students  as  the  basis  for  the  analysis  of  the  problem  solving 
depth  and  of  the  strategies  of  solving.  We  received  95  solutions,  i.e.  6 students 
contributed  two  different  approaches  to  problem  solving. 

Results  and  Interpretation 

In  continuation  the  results  are  shown,  which  are  analysed  as  to  various  obser- 
vation aspects. 

a)  Understanding  of  the  instructions 

The  instructions  to  the  problem  read  to  explore  the  length  of  the  spirals.  Our 
first  interest  was  in  what  way  the  students  understood  this  particular  instruction,  i.e. 
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whether  they  were  aware  of  the  faet  that  the  verb  “explore”  means  that  one  should 
not  only  deal  with  the  given  example,  but  also  extend  the  ease  to  similar  situations 
and  make  generalizations.  The  eorresponding  results  are  shown  in  Tabele  1. 


Understanding  of  the  instruction  “Explore” 

Solves  the  isolated  example 

3 

3,38% 

Explores  more  cases 

86 

96,62% 

Total 

89 

100,00% 

Table  1.  Presentation  of  the  results  form  the  perspective  of  the  students’  understanding  the 

instructions  to  the  problem. 

The  results  show  that  the  majority  of  the  respondents  perceived  the  posed  prob- 
lem situation  as  a problem,  which  had  also  been  expected,  as  during  their  studies 
the  students  encountered  with  inductive  reasoning  many  a time. 

b)  The  solving  problem  depth 

Those  students  who  correctly  interpreted  the  instruction  of  the  problem  and 
extended  the  situation  to  other  cases  with  spirals  of  different  dimensions,  further 
underwent  the  examination  of  their  level  of  depth  at  dealing  with  the  situation.  The 
received  solutions  were  classified  into  many  levels,  which  were  graded  as  to  the 
achieved  problem  solving  depth: 

Level  1 : only  the  pictures  of  the  spirals. 

Level  2:  calculations  of  the  lengths  of  the  spirals. 

Level  3:  structured  records  of  the  lengths  of  the  spirals,  but  only  for  those  cases, 
that  are  graphically  presented. 

Level  4:  structured  records  of  the  lengths  of  the  spirals  and  the  prediction  of  the 
result  for  the  case,  which  is  not  graphically  presented. 

Level  5 : making  generalizations  for  the  spiral  of  any  length. 

The  following  examples  show  the  differences  among  the  levels: 

The  level  1 example: 
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The  level  2 example:  the  record  contains  the  drawn  spirals  for  the  square 
dimensions  ranging  from  2 x 2 to  6 x 6,  and  the  corresponding  calculations: 


Square  dimensions 

Spiral  length 

2x2 

8 

3x3 

15 

4x4 

24 

5x5 

35 

6x6 

48 

The  level  3 example:  The  record  contains  the  drawn  spirals  for  the  square 
dimensions  ranging  from  2 x 2 to  6 x 6,  the  corresponding  calculations  and  the 
structured  record  of  the  lenght: 


Square  dimensions 

Spiral  length 

Structured  record  of  the  leugth 

2x2 

8 

2 X 2 “h  2 X 2 

3x3 

15 

3 X 3 H-  2 X 3 

4x4 

24 

4x43-2x4 

5x5 

35 

5x53-2x5 

6x6 

48 

6x63-2x6 

The  level  4 example:  The  record  contains  the  drawn  spirals  for  the  square 
dimensions  ranging  from  2 x 2 to  6 x 6,  and  the  corresponding  calculations  as  for 
the  level  3 case;  in  addition,  the  student  predicted  the  result  for  the  spiral  of  the  7x7 
dimension,  which  he  did  not  present  graphically.  In  this  case  it  was  only  possible 
for  him  to  determine  the  length  of  the  spiral  on  the  basis  of  his  prior  calculation  of 
the  structured  record,  and  not  directly  from  the  picture. 


Square  dimensions 

Structured  record  of  the  leugth 

Spiral  length 

7x7 

7x7-32x7 

63 

The  level  5 example:  apart  from  the  pictures  and  concrete  calculations  encom- 
passed in  the  level  3 example,  the  student  added  his  prediction  of  the  record  for  the 
general  case: 


Square  dimensions 

Structured  record  of  the  length 

Generalization  to  n x w 

3-  2n 

As  obvious  the  transformation  of  the  problem  from  the  geometric  to  the  arith- 
metic one,  and  consequently  operating  with  numbers  and  not  only  with  pictures  of 
the  spirals  is  witnessed  not  until  one  has  reached  the  level  2.  Taking  into  account 
the  stages  in  inductive  reasoning  (Polya,  1967,  Reid,  2002,  Canadas  and  Castro, 
2007)  we  can  also  state  that  all  the  students  at  the  levels  from  1 do  5 reached  the 
stage  “observation  of  particular  cases”,  yet  they  were  not  equally  successful  in 
the  process  of  searching  and  predicting  of  patterns.  Mere  drawings  of  spirals  and 
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calculations  of  their  lengths  (the  levels  1 and  2)  did  not  provide  for  a deeper  insight 
into  the  nature  of  the  problem  and  for  making  a generalization  for  the  spiral  of  any 
dimension.  The  level  3 may  be  considered  a transitional  stage.  These  students 
already  knew  that  mere  calculations  would  not  suffice,  so  they  tried  to  structure 
them,  i.e.  they  analysed  the  calculated  numbers,  and  tried  to  define  a certain  pat- 
tern and  a rule,  respectively.  However,  they  considered  this  to  be  enough  and  did 
not  try  to  make  a rule  for  the  “n”-number  of  times-steps.  In  these  cases  students 
were  deliberating  on  a possible  pattern  just  for  the  cases  they  were  observing.  In 
comparison  with  them  the  level  4 students  were  already  thinking  about  a possible 
pattern  for  a non-observing  case,  but  they  were  still  not  thinking  about  applying  ther 
pattern  to  all  cases.  According  to  Reid  (2002)  the  students  at  the  level  4 reached 
the  stage  of  conjecture  (with  doubt).  They  were  convinced  about  the  right  of  their 
conjecture  for  those  specific  cases,  but  not  for  other  ones  (see  also  Canadas  and 
Castro,  2007).  Only  those  students  who  achieved  the  level  5 can  be  considered 
to  have  reached  the  stage  called  “generalization  of  the  conjecture”  according  to 
Reid  (2002).  In  the  opinions  of  Canadas  and  Castro  (2007)  generalization  is  by  no 
means  the  final  stage  in  the  inductive  reasoning  process.  The  final  stage  - general 
conjectures  justification  - includes  a formal  proof  that  guarantees  the  veracity  of 
the  conjecture,  namely.  Similar  to  the  research  conducted  by  Canadas  and  Castro 
(2007),  also  in  our  research  none  of  the  students  recognised  the  necessity  to  justify 
the  results.  They  interpreted  the  results  as  an  evident  consequence  of  particular 
cases,  with  no  need  of  any  additional  justification  to  be  convinced  of  its  truth. 

Table  2 shows  the  distribution  of  responses  regarding  the  achieved  problem 
solving  depth. 


Depth 

Number  of  responses 

Responses  in  percentage 

Level  1 

6 

6,32% 

Level  2 

19 

20,00% 

Level  3 

24 

25,26% 

Level  4 

11 

11,58% 

Level  5 

32 

33,69% 

Other 

3 

3,16% 

Total 

95 

100,00% 

Table  2.  Distribution  of  the  responses  regarding  the  achieved  problem  solving  depth. 

As  can  be  inferred  from  the  table,  more  than  one  third  of  the  students  achieved 
the  stage  of  making  a generalization,  whereby  it  should  be  pointed  out  that  two 
ways  of  making  generalizations  were  considered  in  this  group:  30  students  did 
it  symbolically  with  records  for  “n”-number  of  times-steps,  whereas  two  students 
generally  created  rules  in  a descriptive  manner  with  words,  e.g.  two  lengths  of 
the  side  are  added  to  the  square  of  the  side  length.  The  “Other”  group  comprises 
the  responses  of  three  students  who  were  eliminated  from  further  analysis  of  the 
problem  solving  procedures  due  to  their  non-understanding  of  the  instructions. 

During  the  problem  solving  procedure  also  failures  were  caused,  mainly  of 
three  types: 

- failures  at  drawing  spirals:  the  inappropriate  picture  of  spirals  of  larger 
dimensions  (7  responses) ; 
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- failures  at  interpretation  of  the  concept  of  the  length  of  the  spiral:  the  student 
equals  the  concept  of  the  length  of  the  spiral  with  the  number  of  squares 
covered  by  a spiral  instead  of  with  the  length  of  the  line  (2  responses) ; 

- miscalculations/mismeasurements  of  the  length  of  the  spiral  (7  responses). 

If  we  eliminate  all  the  responses  containing  some  failure  during  the  problem 
solving  procedure,  14  responses  at  the  level  2 (14,73%),  18  responses  at  the  level  3 
(18,95%)  and  1 1 responses  at  the  level  4 (1 1,58%)  remain;  although  these  students 
did  not  make  any  mistake  during  solving  procedure,  they  still  did  not  manage  to 
make  generalizations.  For  the  students  at  the  level  2 it  is  assumed  that  among 
the  collected  data  they  did  not  notice  any  structure,  which  prevented  them  from 
further  exploration.  On  the  other  hand,  the  students  of  the  levels  3 and  4,  who  did 
notice  the  structure  anyhow  (total  30,53%),  most  likely  either  did  not  know  how  to 
write  their  findings  in  a general  form  or  they  did  not  feel  the  need  to  upgrade  their 
concrete  findings  with  a general  record.  Nevertheless,  we  think  that  the  percentage 
of  those  students  is  quite  high,  and  may  reflect  the  orientation  of  primary  teacher 
education  with  focus  on  dealing  with  concrete  situations. 

c)  Problem  solving  strategies 

The  analysis  of  the  modes  of  reasoning  that  the  students  applied  at  their  search 
for  generalizations  revealed  that  it  was  possible  to  perceive  the  posed  problem  from 
various  perspectives.  Various  problem  perception  modes  are  addressed  as  various 
solving  strategies  in  continuation,  out  of  which  the  ones  that  were  encountered 
among  the  students’  solutions  are  presented: 


Strategy  denotation 

Strategy  description 

Generalization  record 

1 - 

“squares”  strategy 

It  is  observed  that  the  values  of 
the  lengths  are  obtained  by 
squaring  the  lengths  of  the 
consecutive  square 
(e.g.  15  = 16  - 1) 

(n  +1)^-1 

2- 

“product”  strategy 

It  is  observed  that  the  length  of 
the  spiral  is  equal  to  the  product 
of  two  numbers  that  differ  for  2 
(e.g.  15  = 5 X 3) 

n(n  + 2) 

3- 

“binomial”  strategy 

It  is  observed  that  the  length 
of  the  spiral  is  calculated  by 
adding  the  double  length  to  the 
square  of  the  square  length 
(e.g.  15  = 3x3  + 2x3) 

+ 2n 

4- 

“difference”  strategy 

When  observing  the  differences 
among  the  lengths  of  the  spirals, 
it  is  obvious  that  the  result  is  the 
sequence  of  odd  numbers  (e.g. 
from  1x1  square  onwards  the 
lengths  of  the  spirals  increase  by 
5,  7,  9,  11,  13,  15.... 

The  difference  between  the  spi- 
ral in  the  square  with  n x n 
dimensions  and  the  consecu- 
tive spiral  is  2n  + 1 or  in 
a recursive  manner:  d«xn  = 

l)x(«— 1)  ^ i^{n—l)x{n—l) 
rf(„_2)x(«-2)  + 2),  whereby  the 
denotation  4„x«  stands  for  the 
length  of  the  spiral  in  the  square 
with  n X n dimensions. 
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5- 

“sum”  strategy 


It  is  observed  that  the  length  of 
the  spiral  can  be  presented  as 
the  sum  of  individual  even 
sections  of  the  spiral  (e.g. 


3m  + 2(m  - 1)  - 2(m  - 2) . . . + 
2 X 2 -f  2 X 1 


4m+4(m— 2)+4(n— 4)  . . .+4x2; 


6 - 

“transformation  strategy” 


It  is  observed  that  in  cases  when 
the  dimension  of  the  square  is  an 
even  number,  spirals  can  be  trans- 
formed in  squares,  the  perimeters 
of  which  can  be  calculated. 


M = 2fe,  fe  e N 


Table  3.  Description  of  the  applied  problem  solving  strategies. 

In  continuation  the  students’  selection  of  the  strategies  is  presented.  The  strat- 
egy was  evaluated  only  with  the  responses,  achieving  the  depth  of  the  levels  3, 
4.  or  5.,  i.e.  of  those  students,  who  noted  the  length  of  the  spiral  in  a structured 
record,  as  it  was  possible  to  define  the  applied  strategy  and  the  mode  of  reasoning, 
respectively,  only  with  this  record. 


Strategy 

Number  of  responses 

Responses  in  percentage 

1 - squares 

2 

2,11% 

2 - product 

8 

8,42% 

3 - binomial 

12 

12,63% 

4 - difference 

28 

29,47% 

5 - sum 

16 

16,84% 

6 - transformation 

1 

1,05% 

Other 

28 

29,47% 

Total 

95 

100,00% 

Table  4.  Distribution  of  the  responses  as  regards  the  applied  problem  solving  strategy. 

According  to  Klauer  & Phye  (2008)  it  can  be  stated  that  the  majority  of  the 
students  approached  problem  solving  by  applying  the  analytic  atrategy,  including 
a systematic  analysis  of  individual  cases,  hence  the  search  for  potential  patterns 
and  generalizations.  In  two  cases  the  strategy  of  insight  or  the  heuristics  strategy 
could  be  considered.  Both  students  first  established  the  rule  for  the  “n”-number 
of  times-case  (3n  + 2{n  — 1)  + 2{n  — 2)  + . . . + 2 x 1 and  in  the  follow-up  they 
tested  their  rule  on  concrete  cases  with  spirals.  It  can  be  assumed  that  as  early  as  at 
the  analysis  of  the  given  case  the  students  figured  out  the  spiral  structure,  the  fact 
which  led  them  directly  to  the  general  record. 

Let  us  have  a closer  look  of  the  results  presented  in  Table  4.  As  can  be  inferred 
the  strategy  prevails,  with  which  the  students  focused  on  the  difference  between 
the  neighbouring  spirals  (29,47%).  The  “sum”  and  “binomial”  strategies  are  often 
used;  however,  only  2 students  noticed  that  there  was  a correlation  between  the 
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lengths  of  the  spirals  and  the  squares  of  the  natural  numbers.  In  the  “Other”  col- 
umn the  responses  were  placed  at  which  it  was  not  possible  to  consider  the  selected 
strategy  (all  of  the  students  who  did  not  reach  the  level  3). 

Other  questions  worth  addressing  can  be  posed  at  the  analysis  of  the  solving 
strategies,  such  as: 

1.  Were  all  the  strategies  equally  effective  when  searching  for  generalizations? 

2.  What  triggers  the  development  of  each  individual  stragegy:  relation  to  the 
problem  context  or  mere  operating  with  numbers,  separated  from  the  source 
context? 

The  following  table  provides  for  the  answer  to  the  question,  clarifying  the 
relation  between  the  selected  strategy  and  the  problem  solving  depth: 


Strategy 

Level  3 

Level  4 

Level  5 

Total 

Percentage  of 
responses  at  the 
level  5 

1 - squares 

0 

0 

2 

2 

100,0% 

2 - product 

2 

1 

5 

8 

62,5% 

3 - binomial 

1 

1 

10 

12 

83,3% 

4 - difference 

17 

7 

4 

28 

14,3% 

5 - sum 

3 

2 

11 

16 

68,8% 

6 - transformation 

1 

0 

0 

1 

0,0% 

Table  5.  Problem  solving  depths  in  relation  to  the  problem  solving  strategy. 

The  values  in  the  last  column  attest  to  the  percentage  of  the  responses  per- 
taining to  the  selected  strategy  of  those  students  who  managed  to  reach  the  final 
level,  i.e.  the  generalization.  According  to  the  results  one  of  the  applied  strategies 
was  substantially  less  effective  than  the  other  ones,  i.e.  the  strategy  4 - strategy 
“differences”,  but  it  was  the  most  often  used  strategy  of  all  (see  table  4) . Thus,  a 
conclusion  can  be  reached  that  the  percentage  of  responses  including  a generaliza- 
tion to  a common  case  was  largely  influenced  by  the  the  selected  strategy.  From 
this  perspective  some  of  them  (e.g.  strategies  2,  3 and  5)  were  much  more  useful 
than  the  other  ones  (the  strategy  4). 

When  analyzing  strategies  from  the  viewpoint  of  the  context  preservation  each 
response  was  considered  separately  trying  to  determine  whether  the  record  was 
analysed  on  the  basis  of  observing  the  spiral  construction  or  on  the  basis  of  “oper- 
ating with  numbers”.  The  latter  category  included  all  the  cases  at  which  the  student 
first  calculated  the  length  of  the  spirals  and  then  tried  to  define  commonalities  of 
the  gained  results,  which  he  further  analysed,  rearranged,  whereby  eliminating  the 
source  problem  context. 

The  relation  between  the  strategy  and  the  context  preservation  is  shown  in  the 
following  table: 
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Strategy 

Operating  with  numbsrs 

Context  preservation 

Total 

1 - squares 

2 

2 

2 - product 

8 

8 

3 - binomial 

12 

12 

4 - difference 

27 

1 

28 

5 - sum 

16 

16 

6 - transformation 

1 

1 

Total 

49 

18 

67 

Table  6.  Relation  between  the  problem  solving  strategy  and  the  context  preservation. 

Obviously  only  one  of  the  strategies  was  explicitly  problem  context  related, 
i.e.  the  “sum”  strategy.  In  this  case  when  defining  the  total  length  the  students 
based  their  procedure  on  the  fact,  that  the  total  length  is  the  sum  of  the  lengths  of 
individual  sides  of  the  spiral.  A conclusion  can  be  reached  that  the  students  more 
often  applied  the  strategies  in  which  the  context  was  not  paid  attention  to  at  the 
stage  of  their  searching  for  generalizations. 

Let  us  take  an  example  showing  that  one  can  either  consider  the  context  or 
eliminate  it  with  the  application  of  the  same  strategy.  As  it  can  be  inferred  from  the 
table  6,  one  such  case  was  encountered  with  the  application  of  the  strategy  4,  i.e. 
when  the  focus  was  on  the  differences  among  elements  (members).  The  students’ 
records  were,  as  follows: 

Case  1:  “operating  with  numbers”: 


4x4  — ► 


5x5  — ► 


6x6 


7x7 

Case  2:  Context  preservation 

The  square  of  1 x 1:  1 should  be  subtracted,  because  one  side  is  missing: 
4—1=3.  This  is  the  length  of  the  shortest  snake  (the  dotted  line). 
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The  square  of  2 x 2 (perimeter  of  8 units) : 1 should  be  subtracted,  because 
one  side  of  the  square  is  not  part  of  the  spiral;  at  the  same  time  2 more  units  are 
to  be  subtracted,  because  they  were  already  considered  at  the  previous,  red  spiral. 
Hence:  8 — 3 = 5 (the  dashed  line). 

The  square  of  3 x 3 (perimeter  of  12  units):  the  sides  that  are  not  part  of  the 
spiral  or  were  already  considered  in  the  blue  spiral,  should  be  subtracted.  Hence: 
12  — 5 = 7 (the  gray  line). 

Similar  reasoning  leads  one  to  determine  the  length  of  the  line  in  the  square  of 
4 X 4 to  be  16  — 7 = 9 (the  black  line). 

The  summing  up:  3 + 5 + 7 + 9 = 24  of  the  gained  results  equals  the  length  of 
the  spiral  in  the  square  of  4 x 4.  In  order  to  calculate  the  length  of  each  consecutive 
spiral,  the  consecutive  odd  numbers  of  the  sequence  should  be  added  (e.g.  9 is  to 
be  added  up  to  get  the  spiral  of  5 x 5). 

The  analysis  of  the  responses  from  the  perspective  of  the  failures  in  the  pro- 
cedure proves  an  interesting  fact:  among  49  cases  with  “operating  with  numbers” 
the  procedure  failure  was  observed  in  4 cases,  totalling  8,16%,  whereas  among 
18  cases  with  “the  context  preservation”  3 failures  were  recorded,  amounting  to 
16,67%.  These  results  indicate  that  the  context  preservation  in  the  procedure  of 
problem  solving  by  inductive  reasoning  leads  to  more  failures  in  calculations  than 
the  transformation  of  the  problem  to  the  mere  operating  with  numbers.  In  the 
process  of  searching  for  generalizations  the  reliance  on  the  concrete  problem  con- 
tent can  be  more  of  a hindrance  than  stimulation;  generalizations  are  noticed  more 
quickly  if  the  problem  is  transformed  into  the  mathematical  problem,  irrespective 
of  the  context. 

Summary 

In  the  course  of  their  studies  at  the  Faculty  of  Education  one  of  the  important 
competences  to  be  developed  with  primary  education  students  is  to  qualify  them  to 
solve  mathematical  problems.  We  are  aware  of  the  fact  that  this  field  of  expertise  is 
often  neglected  in  our  primary  schools,  mostly  in  favour  of  consolidating  the  learn- 
ing contents  by  calculations  and  attending  to  classical  word  problems.  We  believe 
that  students  - future  primary  teachers  are  the  ones,  to  whom  we  should  start  to 
bring  about  changes  of  this  mindset,  and  introduce  the  role  of  the  problem  situations 
as  an  indispensable  part  of  mathematics  lessons  in  elementary  schools.  The  pre- 
sented research  provided  us  with  some  important  responses  as  to  the  qualification 
of  students  for  problem  solving  by  inductive  reasoning.  It  was  established  that  the 
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majority  of  the  students  usually  perceive  the  given  situation  as  a problem,  however, 
their  abilities  to  delve  into  the  problem  are  rather  different:  based  on  the  stages 
of  inductive  reasoning  according  to  Polya  (1967),  Reid  (2002)  and  Castaneda  and 
Castro  (2007)  it  can  be  inferred  that  the  students’  responses  were  mainly  pertaining 
to  the  following  three  stages:  observation  of  particular  cases,  searching  for  pattern 
and  prediction,  as  well  as  generalization.  We  find  it  important  to  establish  that  the 
stage  an  individual  student  manages  to  reach  is  largely  influenced  by  his  strategy 
selection.  Some  strategies  in  the  process  solving  proved  to  be  more  effective  than 
the  other  ones,  from  the  perspective  of  making  generalizations.  Further,  we  estab- 
lished that  students  tend  to  select  the  strategies,  enabling  them  to  abandon  dealing 
with  the  context  at  the  stage  of  their  search  for  generalizations  and  pass  over  to 
merely  operating  with  numberes.  And,  what  is  more,  the  results  even  revealed  that 
the  context  preservation  in  the  procedure  of  problem  solving  by  inductive  reason- 
ing leads  to  more  calculation  failures  than  the  transformation  of  the  problem  to  the 
mere  operating  with  numbers.  Nevertheless,  this  finding  is  not  a surprising  one: 
according  to  Piaget  (Piaget  in  Inhelder,  1956)  the  generalization  stage  is  the  stage 
of  formal-logical  thinking,  at  which  one  no  longer  operates  with  concrete  models, 
but  deliberates  on  relations,  abstract  schemes,  which  are  either  upgraded  or  the  new 
ones  are  developed.  In  this  process  of  abstract  thinking,  leaning  on  concreteness 
can  inhibit  one  at  developing  ideas.  The  participating  students  approached  the 
problem  situation  in  a creative  manner,  as  they  applied  six  strategies  of  different 
quality,  and  they  were  highly  motivated  to  deal  with  such  problem  situations;  both 
facts  seem  to  be  extremely  encouraging  from  the  perspective  of  their  later  role  as 
teachers  of  mathematics  to  the  youngest  children. 
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Abstract.  It  is  a common  experience  with  students  of  teacher 
training  colleges  that  they  rather  dislike  geometry.  It  happens  quite 
often  that  students  who  passed  GCSE  examination  in  mathematics 
are  not  familiar  with  basic  geometrical  concepts  such  as  rectangular, 
square,  parallel  and  perpendicular  and  axial  symmetry.  Some  students 
consider  general  parallelogram  as  rectangle  and  some  of  them  believe 
the  diagonals  of  general  parallelogram  are  symmetry  axes  and  some- 
times they  are  not  aware  of  the  fact  that  squares  are  actually  rectangles. 
They  consider  the  neighbouring  sides  of  the  squares  parallel  (probably 
they  misinterpret  the  term  ’neighbouring’)  etc. 

The  causes  of  these  problems  probably  can  be  found  in  primary 
school  education.  For  this  reason  we  carried  out  a developmental 
teaching  experience  with  learners  in  grade  four  in  order  to  study  the 
formation  of  these  concepts.  The  aim  of  this  educational  experiment 
was  to  develop  the  concepts  of  square,  rectangle,  parallel,  perpen- 
dicular and  symmetry  by  means  of  putting  the  van  Hiele  model  of 
teaching  geometry  Into  practice  and  to  justify  the  use  of  the  levels  of 
development  according  to  van  Hiele  in  the  lower  primary  geometry 
teaching  in  Hungary. 

The  teaching  experiment  was  conducted  in  the  class  4.  c of  the 
practice  school  of  Jozsef  Eotvos  College  in  Baja  in  2006  May  and  June, 
and  then  it  was  repeated  in  class  4.b  in  2008  May  and  June. 

The  developmental  teaching  experiments  were  completed  by  eval- 
uation worksheets.  Beside  the  classes  participating  in  the  teaching 
experiment  the  worksheets  were  also  filled  in  by  the  pupils  of  parallel 
classes  In  2006  and  2008. 

The  post-test  used  In  2008  was  also  done  by  38  regular  students 
of  the  teacher  training  college.  Twenty  four  of  them  were  fourth  year 
students  and  14  of  them  were  second  year  students.  The  test  results 
of  the  would-  be  teachers  will  be  shown  below  and  their  results  are 
compared  with  that  of  the  56  pupils  of  class  4 gained  in  2008. 

Keywords:  methodology  of  teaching  mathematics,  concepts  of 
geometry,  van  Hiele’s  levels 
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1 . Tasks  related  to  square  and  rectangular 

In  task  1 of  the  post-test,  which  is  related  to  the  identification  of  the  concept 
of  quadrangles,  rectangles  and  squares,  out  of  16  plane  figures 

a)  the  quadrangles; 

b)  the  rectangles; 

c)  the  squares  had  to  be  selected; 

d)  and  the  letter  identifying  the  plane  figure  had  to  be  put  in  the  right  place. 


S i k i dom  0 k 


This  set  had  to  be  arranged: 


The  results  of  the  task  are  shown  in  the  following  chart. 

When  recognizing  quadrangles  68%  of  the  students  identified  plane  figure  P 
as  quadrangles,  which  was  wrong.  It  was  29%  of  the  pupils  that  made  the  same 
mistake. 
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The  geometrical  thinking  of  the  majority  of  children  in  class  four  reaches  van 
Hide’s  level  2.  At  this  level  children  do  not  recognize  the  relationships  between 
the  figures.  They  take  notice  of  the  characteristics  the  figures  share  e.g.  that  both 
squares  and  rectangles  have  four  vertices  and  four  sides  and  their  opposite  sides  are 
parallel  and  their  neighbouring  sides  are  perpendicular,  and  their  angles  are  right 
angles.  However  they  still  do  not  come  to  the  conclusion  that  squares  are  actually 
rectangles.  Being  aware  of  the  characteristics  is  necessary  only  to  make  difference 
between  the  figures.  This  is  why  in  case  of  four  grader  pupils  we  considered  it 
as  an  acceptable  solution  when  children  did  not  rank  squares  among  rectangles 
if  otherwise  they  did  not  make  any  mistake.  However  in  case  of  teacher  training 
college  students  we  expected  the  ranking  of  squares  among  rectangles.  It  was  a 
typical  mistake  ranking  general  parallelograms  among  rectangles,  as  it  happened 
in  case  of  41  % of  four  grade  pupils  and  21  % in  the  experimental  class  and  37  % 
of  teacher  training  college  students. 

When  sorting  out  squares  the  mistake  29%  of  both  the  children  and  the  students 
made  was  due  to  the  fact  that  they  did  not  recognize  squares  on  their  vertex. 

Arranging  the  set  of  plane  figures  proved  to  be  the  most  demanding  task.  A 
common  mistake  was  that  letters  designating  plane  figures  were  placed  next  to  sev- 
eral plane  figures  in  case  of  21  % of  the  children  and  34%  of  the  students.  Multiple 
classification  seems  to  be  a too  demanding  and  abstract  task  for  the  children,  which 
goes  beyond  van  Hide’s  level  2.  Thus  the  poor  results  produced  by  the  children 
was  in  line  with  our  expectations  but  not  in  the  case  of  the  students. 

In  the  worksheet  of  the  survey  on  the  characteristics  of  squares  and  rectangles 
the  task  was  to  underline  the  statements  that  were  true  for 

a)  squares 

Its  opposite  sides  are  parallel. 

Its  opposite  sides  are  perpendicular. 

The  neighbouring  sides  are  parallel. 
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The  neighbouring  sides  are  perpendicular. 

Every  angle  is  right  angle. 

Not  every  angle  is  right  angle. 

It  has  exactly  two  symmetry  axes. 

It  has  four  symmetry  axes. 

It  has  eight  symmetry  axes. 

Every  side  is  of  the  same  length. 

The  opposite  sides  are  of  the  same  length. 

b)  rectangles 

Its  opposite  sides  are  parallel. 

Its  opposite  sides  are  perpendicular. 

Its  neighbouring  sides  are  parallel. 

Its  neighbouring  sides  are  perpendicular 
Its  angles  are  all  right  angles. 

Its  angles  are  not  all  right  angles. 

It  has  four  symmetry  axes. 

It  has  two  symmetry  axes. 

The  diagonals  are  symmetry  axes. 

Its  every  side  is  of  the  same  length. 

The  opposite  sides  are  of  the  same  length. 

In  the  evaluation  of  the  task  we  focused  on  only  the  results  without  any  mistake. 
All  the  true  statements  related  to  the  characteristics  of  the  square  were  chosen  by 
61%  of  the  children  and  45%  of  the  students.  In  case  of  rectangle  the  results  were  as 
follows:  57%  of  the  children  and  47%  of  the  students  got  it  right.  In  class  four  the 
mistakes  can  be  due  to  the  misconceptions  of  the  terms  opposite  and  neighbouring 
and  also  due  to  the  fact  that  the  concepts  of  parallel  and  perpendicular  were  not 
firmly  established.  Students  made  the  most  mistakes  in  defining  the  numbers  of 
symmetry  axes  of  squares  and  rectangles,  21%  and  42%  respectively. 

2.  Tasks  related  to  parallel  and  perpendicular 

In  the  evaluation  worksheet  task  2 and  task  5 are  connected  with  the  estab- 
lishment of  the  concepts  of  parallel  and  perpendicular.  In  task  5 parallel  and 
perpendicular  are  involved  with  the  recognition  of  the  characteristics  of  squares 
and  rectangles  (see  above) . 

In  task  2 related  to  the  recognition  of  the  parallel  and  perpendicular  lateral 
pairs  of  the  sides  of  polygons  nine  shapes  had  to  be  examined.  They  also  did  the 
following  tasks: 

a)  colouring  the  parallel  sides  using  the  same  colour; 

b)  colouring  the  right  angles  red; 

c)  enlisting  the  letters  designating  the  plane  figures  which  have  parallel  sides; 

d)  enlisting  the  letters  designating  the  plane  figures  which  have  perpendicular 
sides. 
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four 

graders 

experimental 

class 

8% 

14% 

26% 

13% 

34% 

26% 

34% 

34% 

21% 

8% 

14% 

11% 

82% 

23% 

11% 

45% 

34% 

16% 

The  opposite  sides  deltoid  B were  seen  parallel  by 


The  parallelism  of  the  inclined  straight  lines  of 
hexagon  D was  not  marked  by 


The  parallel  pair  of  straight  lines  of  pentagon  H was 
not  noticed  by 


Not  only  one  right  angle  was  found  in  deltoid  B by 


The  right  angle  was  not  marked  in  hexagon  D 


The  right  angle  of  pentagon  H was  not  recognized  by 
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3.  Task  related  to  axial  symmetry 

In  task  3 of  the  evaluation  worksheet  the  children  and  the  students  had  to  decide 
which  of  the  given  plane  figures  were  symmetrical  and  also  they  had  to  mark  the 
place  of  the  symmetry  axes  red. 

The  following  plane  figures  have  been  examined  : 


The  evaluation  of  the  results  of  task  3: 


students 

four 

graders 

experimental 

class 

Correct  solution 

5% 

20% 

47% 

Mistake  in  one  plane  figure 

13% 

27% 

32% 

Two  or  fewer  than  2 symmetry  axes  were  drawn  in 
the  square  by 

37% 

18% 

0% 

In  the  general  rhombus  only  one  or  no  symmetry 
axis  was  drawn  by 

13% 

7% 

0% 

In  the  general  parallelogram  symmetry  axis 
was  drawn  by 

34% 

7% 

0% 

In  the  equilateral  triangle  one  symmetry  axis  or 
not  even  one  was  marked  by 

63% 

73% 

37% 

In  the  quarter  cycle  no  symmetry  axis  was 
drawn  by 

18% 

30% 

11% 

In  the  regular  hexagon  not  all  the  symmetry 
axes  were  found  by 

90% 

55% 

37% 

In  the  rectangle  the  diagonals  were  also  seen 
as  symmetry  axes 

13% 

4% 

0% 

In  the  experimental  group  nobody  made  mistake  in  case  of  general  rhombus, 
parallelogram  and  the  rectangle.  Most  mistakes  were  made  by  the  teacher  training 
college  students. 

We  regret  to  say  that  the  results  of  the  students  almost  in  every  task  were 
poorer  than  that  of  the  fourth  graders.  These  finding  are  related  only  the  samples 
examined,  which  were  not  representative,  which  is  why  no  statistical  trials  were 
conducted.  The  tasks  of  the  worksheet  are  in  line  with  the  curriculum  requirements 
of  class  4.  This  is  the  teaching  material  the  teachers  are  supposed  to  pass  on  to 
children,  but  how  can  they  teach  it,  if  the  would-be  teachers  have  not  mastered  it 
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properly?  We  are  wondering  which  of  the  van-Hiele  level  of  geometrical  thinking 
is  reached  by  the  students. 

In  our  opinion  it  is  a realistic  expectation  that  students  who  gained  the  sec- 
ondary school-leaving  certificate  should  reach  van  Hide’s  level  4,  the  level  de- 
scribed by  the  ejforts  to  reach  the  complete  logical  set-up  and  the  formal  deduction. 
At  this  level  the  learners  are  able 

• to  formulate  simple  theorems 

• to  grasp  the  essence  and  relevance  of  axioms,  definitions  and  theorems 

• to  understand  how  to  determine  and  to  figure  out  the  role  of  necessary  and 
sufficient  conditions. 

Even  at  level  3,  the  level  of  local  logical  arrangement  and  informal  deduc- 
tion learners  are  able  to  cope  with  multiple  classification  and  they  understand  the 
classification  of  various  quadrangles  according  to  concepts.  They  perceive  the 
relationships  between  the  characteristics  of  a given  shape  or  among  various  shapes. 
At  this  level  the  square  is  seen  as  a rectangle,  even  a parallelogram. 

The  multiple  classification  was  carried  out  properly  by  16  % of  the  students. 

Thus  in  teaching  geometry  to  would-be  teachers  we  need  to  return  to  van 
Hide’s  level  2 on  several  occasions  and  their  geometrical  concepts  should  be  de- 
veloped by  using  even  more  activities  than  before  such  as  measuring,  folding, 
dipping,  modelling  and  applying  mirrors  in  order  to  reach  the  required  level. 
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The  mathematics-knowledge  of  the  teacher 
training’  students  in  the  first  year 
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Apaczai  Caere  Janos  Faculty,  University  of  West-Hungary,  Gyor,  Hungary 


Abstract.  The  Hungarian  mathematics  school-leaving  examina- 
tion of  Mai  2010  finished  with  an  saddening  result  (the  average  of  the 
country  takes  2,91  at  intermediate  level).  This  result  shows  that  the 
subject  mathematics  still  makes  the  biggest  difficulty  for  the  school- 
leaving students.  That’s  why  1 would  like  to  survey  the  mathematics 
knowledge  of  the  teacher  training’  students  at  the  first  year  within 
the  help  of  a self-made  test.  The  test  consists  on  with  mathematics 
concepts  given  standard  exercises  that  are  practice-oriented  and  true 
to  life.  The  questions  that  1 search  answers  of:  in  how  much  percent 
do  the  teachers  solve  the  exercises?  Because  the  competence  of  the 
teacher  training’  students  is  very  important  for  the  following  gener- 
ations. Then  1 examine  how  big  the  difference  is  in  the  number  of 
students  who  solves  an  ordinary  mathematics  exercise  and/or  with  a 
text  concepted  exercise  of  an  other  branch  of  science.  Because  in  this 
fast  world  the  life-like  of  mathematics  plays  a significant  role  at  the 
manpower-market.  1 also  analyze  whether  it  influences  the  mark  of  the 
school-leaving  examination  that  a student  has  come  from  a grammar 
school  or  a vocational  secondary  school.  Because  the  results  of  the 
school-leaving  examination  show  that  the  students  from  the  vocational 
secondary  school  can  mostly  solve  the  exercises  only  for  that  the 
knowledge  brought  from  the  primary  school  is  enough. 


“The  aim  of  teaching  is  not  the  dates,  but  giving  of  worths.”  (W.  R.  Inge) 
This  quotation  could  be  the  motto  of  my  dissertation.  The  Hungarian  education  has 
not  changed  completely  so  much,  as  the  establishment  of  the  new  school-leaving 
examination  would  expect.  The  main  front  of  classworking,  the  little  opportunity 
of  introduction,  the  uninteresting  material  take  the  joy  of  students  from  the  mathe- 
matics. So  long  at  primary  school  for  6-10-year  -olds  mathematics  is  in  the  three 
most  favorite  subjects,  then  by  passing  of  time  it  goes  down  “on  the  hierarchy”. 
The  mechanical  learnt  knowledge  discourage  students  from  mathematics,  but  there 
is  a danger,  they  cram  a lot  of  things  that  they  don’t  understand..  The  Hungarian 
school-leaving  examination  of  Mai  2010  had  a very  sad  result(2,91  the  average  at 
middle  level).  This  result  shows  that  mathematics  still  causes  the  biggest  diffi- 
culty for  school-leaving  students.  The  most  saddest  consequence  of  school-leaving 
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exam-results,  that  vocational  secondary  school’s  students  can  only  solve  exercises 
for  which  the  at  the  primary  school  got  knowledge  is  enough. 
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Figure  1.  Country-results  of  Mai  2010 

Results  in  Gyor  became  a bit  better.  It  can  be  thanked  that  region  of  Gydr  is 
in  the  leader-regions  of  West-Hungary.  And  Gyor  is  in  a lucky  situation  in  relation 
of  schools,  especially  secondary  schools.  It  has  more  secondary  grammar-schools 
that  are  in  leading  groups  at  country-level  and  there  is  a number  of  students  which 
visit  mathematics — competitions  and  study  on  at  well-known  universities. 


Middle  level 

Average  percent: 

54,64 

Average  mark: 

3,3 

Middle  level: 

Number  of  exams: 

2371 

Figure  2.  Results  of  Mai  2010 
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Watched  the  results  of  school-leaving  exams,  I examined  the  mathematics- 
knowledge  of  teacher-training  students  at  the  first  year  with  a self-made  test.  The 
test  is  life-true,  practice  oriented  and  it  contains  standard  exercises  given  with  math- 
ematics concepts.  Questions  of  which  I searched  answers:  in  which  percent  the 
students  solve  the  exercises.  Competence  of  mathematics  is  very  important  or  the 
following  generations.  Then  I saw  how  big  the  solving-difference  is  by  students 
between  traditional  mathematics  exercises  and  with  text  concepted  exercises  (used 
also  in  other  sciences),  because  in  this  “fast”  world  the  life-truth  of  mathematics 
has  a very  important  part  in  manpower-market.  The  test  was  written  by  58  students. 
Their  school-leaving  exam’s  mark  is  2,89  which  is  similar  to  the  country. -average. 
The  average  of  surveying  2,62  is  under  the  school-leaving  exam’  average. 

The  exercises  of  the  test: 

1.  Which  is  the  number,  from  that  we  subtract  its  37%,  w eget  2586? 

2.  Draw  and  characterize  (range,  zero  place,  monotonity,  extreme  value)  the 
following  function  int  he  set  of  real  numbers ! 

/(x)  = (x + 2)2-1 

3.  The  three  sides  of  an  triangle  are  3 cm,  4 cm,  es  6 cm.  How  big  are  the  sides 
of  a similar  triangle,  if  its  shortest  side  is  10,5  cm? 

4.  In  a circle  with  24  cm  radius  to  a 30  cm  long  chord  how  big  is  the  central 
angle? 

5.  A sheep  grazes  on  a rectangle  field  which  has  48m  long  fence.  One  side 
of  the  land  is  directly  on  the  wall  of  the  house.  How  shall  we  choise  the 
measure  of  the  rectangle  if  we  would  like  that  the  sheep  eats  on  the  biggest 
landsurface? 

In  advertising  of  a glasses-company:  a costumer  can  reduce  the  price  of  the 
buyed  glasses-frame  how  old  the  costumer  is. 

a)  How  much  percent  can  a 17 -year-old  costumer  reduce  the  price  of  his 
ready  glasses  if  the  choosen  lens  cost  60  000  Ft  and  the  frame  costs 
25  000  Ft? 

b)  How  old  should  be  that  costumer  that  would  like  to  reduce  the  price  of 
the  ready  glasses  with  17%  in  case  of  another  glasses  like  the  previous? 

c)  How  worth  should  be  that  frame  with  that  the  17-year-old  costumer  can 
reach  that  the  price  of  his  glasses  reduces  by  10%  of  the  whole  price,  if 
he  needs  len  sin  worth  of  60  000  Ft? 

6.  The  flying-high  of  a plane  is  8000  metres,  flying-speed  is  700  km/h.  How 
long  does  it  stay  for  a spectator  above  the  horizon  if  it  arrives  from  the  Nord 
and  goes  to  the  south?  (We  shall  take  the  Earth  like  a globe  of  6378  km 
radius.) 

7.  Suzanne  plans  a tour  with  his  friends.  Surveyed  on  the  tourist-map  the 
planned  route  is  57  cm.  How  long  does  it  take  for  the  group  to  go  along  the 
choosen  tour-routet,  if  they  go  average  3,8  km-t  pro  hour,  and  the  map  of 
Suzanne  is  on  the  scale  of  1:40  000? 

8.  Energie-need 
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This  exercise’s  maintence  is  that  we  must  choose  such  meals  which  adjust  to 
the  needs  of  an  Zedcountry’s  inhabitant..  The  next  table  shows  how  much  is  the 
suggested  energie-need  in  kilojoule  (kJ)  in  case  of  different  people. 
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a.  exercise 

Karoly  Molnar  is  a 45  years  old  teacher.  How  much  is  his  suggested 
energie-need  every  day  in  kJ? 

b.  exercise 

Edit  Szalay  is  a 19  years  old  high-jumper.  One  evening  a few  of  her  friends 
invite  her  to  a restaurant. There  is  the  menu: 


ETLAP 

1 adag  ertergiatartalma  Edit 
becsiese  szerint  (kJ) 

Levesek; 

Paradicsomleves 

355 

Gombakr6mleves 

585 

Foetelek: 

Mexikoi  csirke 

960 

Karibi  gyomb6res  csirke 

795 

Zs6ly6s  sertesporkdit 

920 

Salatak; 

Buraonyasaldta 

750 

Vegyes  zoldsdgsaldta 

335 

Kuszkusz  sal6ta 

480 

Desszertek: 

Almas-malnas  leoenv 

1380 

Tur6torta 

1005 

Rdpatorta 

565 

Tejes  turmixok; 

Csokoladd 

1590 

Vanilia 

1470 

At  the  restaurant  you  can  get  one-price  menu,  too. 


Menu 
lira  50  zed 
Paradicsomleves 
Karibi  gyOmbdres  csirke 
R^patorta 
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Edit  makes  notices  every  day  about  that  she  had  eaten.. That  day  the  eaten 
foods  till  supper  suit  7520  kJ  energie-consumption.  Edit  would  like  to  reach  that 
all  her  energie-consumption  should  be  not  more  than  500  kJ  or  it  should  not 
stay  under  the  for  her  suggested  day-quantity.  Decide  wether  Edit  stays  in  the 
±500  kJ-limit  with  the  consumption  of  the  one-price  menu! 

The  result’s  appraisal: 

I took  in  paars  the  standard  exercises  with  the  practice-oriented  exercises.  The 
result  is  the  following  on  the  ground  of  this: 
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Figure  3.  The  success  of  the  1 and  6 exercises  (megoldotta=solved,  nem  oldotta 
meg=not  solved,  rossz  6tlet=bad  idea) 

The  more  the  calculation  of  percentage ’exercises  are  more  difficult  the  less 
students  can  solve  them.  We  can  usually  meet  such  sales  in  the  ophthalmology 
shops  like  in  the  6'^  exercise.  It  is  a goog  example  whether  we  could  count  how 
much  reduction  we  get  in  fact. 
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2.  feladat 
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Figure  4.  The  success  of  exercises  2 and  5 (megoldotta=solved,  nem  oldotta  meg=not 

solved,  rossz  6tlet=bad  idea) 

Generally  students  can  solve  the  determination  of  the  place  and  value  of  func- 
tion’s extrem  point,  but  if  they  meet  an  exercise  where  they  have  to  interpret  this, 
they  get  in  trouble  again.  For  a lot  of  them  it  was  the  same  how  much  is  the  length 
of  the  sides  by  given  circumference  to  get  a maximal  surface 
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Figure  5.  The  success  of  the  exercises  3 and  8 (megoldotta=solved,  nem  oldotta 
meg=not  solved,  rossz  otlet=bad  idea) 

The  easier  exercise  in  conection  with  similarity  don’t  cause  problems,  this 
shows  the  solving-percentage  of  exercise  3.  But  I also  wondered  that  in  the  case  of 
the  “map”-exercise  became  worser  the  solving-proportion,  however  little  children 
also  learn  reading  and  searching  from/on  the  map  at  the  primary  school  in  the 
subject  of  environment. 
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Figure  6.  The  success  of  the  exercises  4 and  7 (megoldotta=solved,  nem  oldotta 
meg=not  solved,  rossz  otlet=bad  idea) 

Trigonometry  does  not  belong  to  the  favorite  topic  at  the  secondary  school.. The 
students  still  denied  with  the  standard  exercises  a bit,  but  they  couldn’t  even  draw 
the  with  text  given  exercises. 
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Figure  7.  The  success  of  the  exercises  9 (megoldotta=solved,  nem  oldotta  meg=not 

solved,  rossz  6tlet=had  idea) 

This  exercise  can  be  found  on  the  homepage  of  PISA,  and  not  between  math- 
ematics exercises,  but  at  the  topic  of  problemsolving.  You  don’t  need  a lot  of 
mathematics  knowledge  to  these,  rather  you  must  interprete  the  text.  Surprising 
results  were  born. 

Appraising  the  results  it  can  be  told,  that  students,  that  go  on  to  universi- 
ties/colleges, don’t  have  right  knowledges  from  mathematics.  The  with  text  given 
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examples  cause  them  bigger  problems.  Also  exercises  that  you  must  search  from 
the  tabelle  and  that  you  don’t  need  mathematics  knowledge  to.  It  turned  out  from 
the  consulting  with  the  students  that  they  had  left  the  9*^  exercise,  because  the  text 
was  so  long  and  there  still  was  a tabelle,  that’s  why  they  had  tought  so  that  it  must 
be  very  difficult.  And  this  raises  the  question  whether  that  causes  the  majority 
of  mathematics  problems  that  students  - not  only  mines  - don’t  understand  the 
exercises’text?  Because  by  exercises  like  these  the  students  have  to  do  the  mod- 
elforming on  the  ground  of  the  text’s  informations.  To  this  it  is  essential  that  they 
must  understand  what  they  read. 

What  can  be  the  problem? 

Children  at  the  primary  school  for  6-10  year-old-students  can  solve  comprehen- 
sion-exercises quite  good,  but  later  in  case  of  PISA  they  performed  the  worst  even 
in  this  part..  After  the  fourth  class  we  don’t  develop  certain  skills  - neither  reading 
skills.  On  the  other  hand  the  importance  is  set  on  a more  special  subject’knowledge. 
Ending  the  development  of  reading,  functional  illiteracy  will  be  in  the  population 
in  large  numbers. 

The  other  important  question  is,  what  and  how  we  should  teach  in  the  mathe- 
matics lessons? 

It  isn’t  good  to  teach  only  practical  knowledge  without  more  serious  lexical 
knowledge.  If  there  is  only  the  concept  of  definition  at  the  students,  but  not  the 
forming  of  concepts,  and  they  couldn’t  bind  examples  to  these,  then  they  will  have 
only  cramed  knowledge  without  meaning.  On  the  other  hand,  if  we  make  efforts  to 
take  life-true  examples  in  the  lessons,  we  can  help  the  students  with  understanding. 
This  can  be  an  experience  for  them  to  examine  real  problems,  familiarizing  them- 
selves with  mathematics  relations  this  way.  It  is  easier  to  get  definitions  from  the 
lang-lasting  memory,  if  we  can  contact  them  to  a given  situation.  The  school-work 
by  us  doesn’t  adjust  to  the  characteristics  of  the  development  and  to  previous  know- 
ledge. Students  are  usually  forced  to  learn  something  that  they  don’t  understand. 
If  they  can  be  victorious  about  these  problems,  perhaps  we  can  reach  that  students 
have  the  right  attitude  to  mathematics  again. 
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Abstract.  Elementary  school  teachers  choose  on  their  own,  which 
extracurricular  activities  they  want  to  lead.  We  are  interested  in  their 
choice  of  advanced  mathematics  as  extracurricular  activity.  Corre- 
sponding research  addresses  the  teacher  education  students  enrolled  in 
final  year  of  study,  who  will  in  future  be  responsible  for  the  advanced 
mathematics  courses  in  the  first  four  grades  of  elementary  schools. 

This  paper  explores  the  ability  of  the  teacher  education  students 
enrolled  in  final  year  of  study  to  prepare  the  first  four  grades  of  elemen- 
tary school  pupils  for  mathematics  competitions.  Students’  efficacy 
in  solving  exercises  from  the  highest  ranked  mathematics  competition 
in  Croatia  for  fourth  grade  elementary  schools  pupils  is  tested  and 
compared  with  fourth  grade  pupils’  efficacy  in  solving  those  exercises. 

Research  is  conducted  at  four  Croatian  universities  (Osijek,  Zadar, 
Split,  Zagreb)  on  the  sample  of  students  enrolled  in  final  year  of  teach- 
ing primary  education  programme.  The  obtained  outcome  indicates 
that  pupils  are  more  successful  in  solving  those  mathematical  problems 
than  students.  Furthermore,  the  amount  of  mathematical  subjects  in 
teaching  primary  education  programme  has  an  effect  on  tested  students’ 
efficacy. 

Keywords:  teacher  education  students,  mathematics  competitions, 
lessons  in  advanced  mathematics  program,  mathematical  subjects  in 
teaching  primary  education  programme 


Introduction 

Each  educational  institution  should  organize  appropriate  extracurricular  activities 
in  order  to  meet  requirements  and  interests  of  their  pupils.  Croatian  law  on  ed- 
ucation in  primary  and  secondary  schools  demands  that  extracurricular  activities 
should  be  denoted  in  schools  curriculum  and  annual  plan  and  programme.  Lead- 
ers of  extracurricular  activities  of  pupils  enrolled  in  one  of  first  four  grades  of 
elementary  schools  are  teachers  who  choose  on  their  own  the  area  of  interest  of 
extracurricular  lessons  that  they  will  give  to  their  pupils.  Considering  described 


80 


Ivanka  Oeri,  Zeljko  Gregorovic  and  Diana  Moslavac 


manner  of  choice  the  question  if  teachers  are  competent  enough  to  give  lessons  in 
independently  elected  extracurricular  activity  arises. 

Our  research  addresses  the  teacher  education  students  enrolled  in  final  years 
of  study  who  will  in  future  be  responsible  for  the  advanced  mathematics  courses 
as  the  extracurricular  activity  in  the  first  four  grades  of  elementary  schools.  For 
the  purpose  of  this  paper  we  consider  that  extracurricular  activity  in  mathematics 
means  preparing  the  pupils  for  mathematics  competitions. 

We  assumed  that  students  enrolled  in  final  years  of  teaching  primary  education 
programme  are  able  to  prepare  the  first  four  grades  of  elementary  schools  pupils 
for  mathematics  competitions  and  that  the  amount  of  mathematical  subjects  at  the 
teacher  education  study  has  an  effect  on  it.  Considering  appointed  assumptions 
we  conducted  the  research  by  testing  students’  efficacy  in  solving  exercises  from 
the  highest  ranked  mathematics  competition  in  Croatia  for  fourth  grade  elemen- 
tary schools  pupils  and  afterwards  comparing  it  with  the  fourth  grade  elementary 
schools  pupils’  efficacy  in  solving  those  exercises.  Highest  ranked  mathematics 
competition  in  Croatia  for  fourth  grade  elementary  schools  pupils  is  called  regional 
competition.  It  is  the  level  of  mathematics  competition  considered  for  the  purpose 
of  this  paper. 

Research  is  conducted  at  four  Croatian  universities  (Osijek,  Zadar,  Split,  Za- 
greb) on  the  sample  (n  = 195)  of  students  enrolled  in  final  years  of  teaching 
primary  education  programme.  Hereafter,  the  term  student  denotes  the  student  en- 
rolled in  one  of  final  years  of  teaching  primary  education  programme  study,  while 
the  term  pupil  denotes  the  pupil  enrolled  in  the  fourth  grade  of  elementary  school. 


Research  framework 

Extracurricular  activities  can  take  place  in  school  and  beyond,  and  can  be  divided 
according  to  purpose  (educational,  artistic,  informative-  educational)  and  according 
to  the  teaching  field  (physical  education  and  sports,  science  and  ecology,  language 
and  artistic  field,  information  and  mathematical  area)  (Jurcic,  2008). 

Conducting  extra-curricular  activities  needs  to  be  addressed  seriously,  because 
without  the  necessary  human  competence,  as  well  as  good  concept  and  organization 
of  the  activities,  effective  implementation  cannot  be  achieved  (Cardy,  Selvarajan, 
2006). 

As  extra-curricular  activities  pupils  choose  independently,  their  degree  of  mo- 
tivation is  extremely  high,  so  in  these  activities  they  acquire  new  knowledge  much 
easier  and  in  much  larger  scale.  Guided  by  the  teacher-  motivator  pupils  explore, 
discover  and  acquire  teamwork  skills,  develop  a sense  of  responsibility,  self-esteem 
and  work  habits  (Siljkovic  et  al,  2007).  Teacher’s  role  in  the  conduct  of  extracur- 
ricular activities  is  crucial.  The  teacher  must  have  the  support  of  the  school 
administration  as  well  as  the  freedom  to  choose  extracurricular  activities  that  will 
lead.  In  addition,  teachers  must  be  competent  to  choose  pupils  who  will  participate 
in  extracurricular  activities  according  to  their  own  interests  and  abilities,  and  be 
qualified  to  conduct  the  activities.  The  latter  should  be  focused  in  two  directions: 
(i)  understanding  the  purpose  and  goal  of  extracurricular  activities,  (ii)  the  ability 
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to  design  pedagogical  and  methodical  program  of  extracurricular  activities  with  a 
different  approach  compared  to  regular  classes  (Jurcic,  2008). 

As  already  stated,  one  of  the  teacher’s  competence  and  responsibility  is  the 
selection  of  pupils  who  will  participate  in  extracurricular  activities.  Given  the 
current  situation  in  the  classroom,  we  can  see  that  gifted  pupils  are  often  ignored 
rather  than  teachers  deal  with  them.  The  teachers  think  more  about  regular  teaching 
than  about  their  additional  education  and  developing  their  competence  in  working 
with  gifted  pupils  (Reis,  Renzulli,  2010).  Thinking  about  mathematically  gifted 
pupils,  they  differ  in  three  characteristics  related  to  mathematics:  (i)  learning  rate, 
(ii)  the  depth  of  understanding,  (iii)  interest  in  the  subject.  In  additional  teaching 
of  mathematics  teachers  should  prepare  pupils  for  mathematical  competitions,  the 
place  where  students  test  their  skills  in  comparison  to  their  peers.  The  current 
system  of  competition  for  fourth  grade  pupils  in  elementary  schools  in  the  Re- 
public of  Croatia,  which  we  will  consider  in  this  paper,  includes  the  following 
levels  of  competition:  school  competitions,  for  which  teachers  prepare  the  school 
assignments,  the  municipal  or  city  events,  county  and  regional  competition,  for 
which  the  tasks  are  prepared  by  the  state  commission  so  the  tasks  and  criteria  are 
unique  to  each  category  of  participants  (Elezovic,  2005).  At  the  international  level, 
fourth-grade  pupils  in  elementary  schools  in  the  Republic  of  Croatia  participate 
in  competition  "Math  Kangaroo  contest",  where  students  from  40-odd  countries 
compete  in  different  categories. 


The  sample  — data  and  variables 

After  we  identified  the  problem  of  questionable  competence  of  the  teacher  ed- 
ucation students  for  giving  lessons  in  advanced  mathematics,  we  appointed  two 
directions  of  the  research  on  the  sample  of  students  of  the  population  of  interest: 
(i)  efficacy  in  solving  exercises  from  the  highest  ranked  mathematics  competition 
in  Croatia  for  fourth  grade  elementary  schools  pupils,  (ii)  the  effect  of  the  amount 
of  mathematical  subjects  in  teaching  primary  education  programme  on  tested  stu- 
dents’ efficacy.  Taking  research  directions  into  account  we  designed  the  research 
and  conducted  it  at  four  Croatian  universities  (Osijek,  Zadar,  Split,  Zagreb)  on  the 
sample  (n  =195)  of  students  enrolled  in  final  years  of  teaching  primary  education 
programme  in  the  period  from  October  till  December  2010. 

Testing  the  efficacy  in  solving  exercises  from  the  regional  competition  of  the 
pupils  enrolled  in  fourth  grade  of  elementary  schools  in  Croatia  is  conducted  on 
exercises  adopted  from  regional  mathematics  competition  held  in  May  2010.  Stu- 
dents were  solving  the  exercises  exactly  90  minutes  supervised  by  mathematics 
university  teachers.  This  research  included  195  respondents.  Furthermore,  we 
downloaded  public  data  of  fourth  grade  elementary  schools  pupils’  efficacy  in 
solving  exercises  from  mentioned  regional  competition  from  the  official  web  site 
of  the  Croatian  mathematical  society,  where  the  results  of  this  mathematics  com- 
petition for  the  year  2010  are  published.  Pupils  were  solving  five  exercises  for  180 
minutes  supervised  by  examination  committee  consisting  of  elected  mathematics 
teachers.  153  pupils  participated  in  this  regional  competition  in  2010. 
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Structures  of  previously  mentioned  samples  of  students  and  pupils  with  respect 
to  the  number  of  points  achieved  in  solution  of  particular  exercise  are  depicted  in 
tables  below  (Table  1 — Table  5). 


EXl 

STUDENTS  («  = 195) 

PUPILS  (m  = 153) 

Number  of 
achieved  point 

Frequency 

Relative 
frequency  (%) 

Frequency 

Relative 
frequency  (%) 

0 

56 

28,71795 

21 

13,72549 

1 

0 

0,00000 

12 

7,84314 

2 

19 

9,74359 

4 

2,61438 

3 

0 

0,00000 

1 

0,65359 

4 

7 

3,58974 

7 

4,57516 

5 

2 

1,02564 

3 

1,96078 

6 

6 

3,07692 

3 

1,96078 

7 

2 

1,02564 

1 

0,65359 

8 

4 

2,05128 

2 

1,30719 

9 

4 

2,05128 

8 

5,22876 

10 

95 

48,71795 

91 

59,47712 

Table  1.  Structure  of  the  samples  with  respect  to  the  number  of  points  achieved 
in  solution  of  first  exercise  (EXl). 


EX2 

STUDENTS  («  = 195) 

PUPILS  (m  = 153) 

Number  of 
achieved  point 

Frequency 

Relative 
frequency  (%) 

Frequency 

Relative 
frequency  (%) 

0 

104 

53,33333 

27 

17,64706 

1 

0 

0,00000 

11 

7,18954 

2 

2 

1,02564 

28 

18,30065 

3 

1 

0,51282 

1 

0,65359 

4 

0 

0,00000 

2 

1,30719 

5 

8 

4,10256 

4 

2,61438 

6 

2 

1,02564 

1 

0,65359 

7 

14 

7,17949 

2 

1,30719 

8 

13 

6,66667 

2 

1,30719 

9 

0 

0,00000 

1 

0,65359 

10 

51 

26,15385 

74 

48,36601 

Table  2.  Structure  of  the  samples  with  respect  to  the  number  of  points  achieved 
in  solution  of  second  exercise  (EX2) . 


EX3 

STUDENTS  («  = 195) 

PUPILS  (m  = 153) 

Number  of 
achieved  point 

Frequency 

Relative 
frequency  (%) 

Frequency 

Relative 
frequency  (%) 

0 

156 

80,00000 

28 

18,30065 

1 

0 

0,00000 

16 

10,45752 
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2 

5 

5,56410 

25 

16,33987 

3 

0 

0,00000 

2 

1,30719 

4 

3 

1,53846 

11 

7,18954 

5 

2 

1,02564 

2 

1,30719 

6 

2 

1,02564 

1 

0,65359 

7 

1 

0,51282 

1 

0,65359 

8 

5 

2,56410 

4 

2,61438 

9 

0 

0,00000 

2 

1,30719 

10 

21 

10,76923 

61 

39,86928 

Table  3.  Structure  of  the  samples  with  respect  to  the  number  of  points  achieved 
in  solution  of  third  exercise  (EX3). 


EX4 

STUDENTS  (n  = 195) 

PUPILS  (n  = 153) 

Number  of 
achieved  point 

Erequency 

Relative 
frequency  (%) 

digni4Frequency 

Relative 
frequency  (%) 

0 

75 

38,46154 

24 

15,68627 

1 

7 

3,58974 

20 

13,07190 

2 

14 

7,17949 

8 

5,22876 

3 

12 

6,15385 

4 

2,61438 

4 

19 

9,74359 

2 

1,30719 

5 

12 

6,15385 

3 

1,96078 

6 

20 

10,25641 

7 

4,57516 

7 

6 

3,07692 

3 

1,96078 

8 

12 

6,15385 

8 

5,22876 

9 

6 

3,07692 

3 

1,96078 

10 

12 

6,15385 

71 

46,40523 

Table  4.  Structure  of  the  samples  with  respect  to  the  number  of  points  achieved 
in  solution  of  fourth  exercise  (EX4) . 


EX5 

STUDENTS  (m  = 195) 

PUPILS  (m  = 153) 

Number  of 
achieved  point 

Frequency 

Relative 
frequency  (%) 

digni4Frequency 

Relative 
frequency  (%) 

0 

53 

27,17949 

16 

10,45752 

1 

1 

0,51282 

11 

7,18954 

2 

10 

5,12821 

8 

5,22876 

3 

1 

0,51282 

6 

3,92157 

4 

5 

2,56410 

2 

1,30719 

5 

6 

3,07692 

5 

3,26797 

6 

6 

3,07692 

6 

3,92157 

7 

6 

3,07692 

0 

0 

8 

7 

3,58974 

15 

9,80392 

9 

6 

3,07692 

3 

1,96078 

10 

94 

48,20513 

81 

52,94118 

Table  5.  Structure  of  the  samples  with  respect  to  the  number  of  points  achieved 
in  solution  of  fifth  exercise  (EX5). 
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The  structure  of  the  sample  of  students  on  which  the  research  is  conducted  is 
depicted  in  table  below  (Table  6) . 


STUDENTS  (w  = 195) 

Characteristic 

Category 

Erequency 

Relative 
frequency  (%) 

GENDER 

Eemale 

188 

96,41026 

Male 

7 

3,58974 

ATTENDING 

Yes 

141 

72,30769 

GRAMMAR  SCHOOL 

No 

54 

27,69231 

ECTS  CREDITS  IN  SO 

19 

86 

44,10256 

EAR  ATTEDNED 

16 

58 

29,74359 

MATHEMATICS 

15 

38 

19,48718 

SUBJECTS 

11 

13 

6,666667 

Table  6.  Structure  of  the  sample  of  students. 


Methodology 

After  previously  expounded  data  collecting,  we  conducted  statistical  analysis 
using  Soft  STATISTICA  7.0  with  purpose  of  estimation  population  parameter  uti- 
lizing confidence  intervals  and  testing  statistical  hypothesis  derived  from  research 
hypotheses.  In  that  manner  we  made  conclusions  about  populations  of  interest. 

We  estimated  population  mean  based  on  a sample  data  from  the  population 
of  interest.  For  the  purpose  of  this  paper  we  used  95%  confidence  level  for  the 
interval  estimate  that  ensures  that  randomly  selected  confidence  interval  encloses 
population  parameter  with  probability  of  0,95  (McClave  et  ah,  2001). 

Test  of  hypothesis  is  conducted  by  implementing  following  steps  (McClave  et 
ah,  2001):  (1)  defining  null  hypotheses  HO  which  represents  status  quo,  (2)  defin- 
ing alternative  hypotheses  HI,  (3)  selecting  the  appropriate  test  statistic  which 
will  be  applied  at  deciding  about  rejecting  null  hypotheses,  (4)  determining  the 
rejection  region  with  respect  to  the  level  of  significance  a of  the  test,  (5)  data 
collecting,  (6)  calculating  test  statistic,  (7)  decision  making  about  rejecting  null 
hypotheses,  (8)  making  inference  about  population.  Level  of  significance  a uti- 
lized in  hypothesis-testing  process  for  the  purpose  of  this  paper  is  0,05.  In  order 
to  compare  two  population  means  we  conducted  test  for  testing  hypothesis  about 
difference  between  two  population  means  utilizing  z-statistic  for  large-sample  case. 


Results 

Employing  information  from  the  samples  for  the  number  of  points  achieved 
in  solution  of  particular  exercise,  we  computed  sample  numerical  descriptive  mea- 
sures and  estimated  mean  using  95%  confidence  interval.  Obtained  calculations 
depicted  in  table  below  (Table  7)  indicate  the  difference  in  the  mean  for  the  number 
of  points  achieved  in  solution  of  particular  exercise  between  students  and  pupils 
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in  favor  of  pupils.  It  is  important  to  emphasize  that  pupils  and  students  applied 
solving  methods  appropriated  for  the  pupils  of  younger  school  age. 


STUDENTS  (w  = 195) 

PUPILS  (m  = 153) 

Descriptive 
statistics 
of  the  sample 

95%  confidence 
interval  for 
mean  estimation 

Descriptive 
statistics 
of  the  sample 

95%  confidence 
interval  for 
mean  estimation 

Mean 

Standard 

deviation 

Lower 

bound 

Upper 

bound 

Mean 

Standard 

deviation 

Lower 

bound 

Upper 

bound 

EXl 

5,86667 

4,49543 

5,23174 

6,50159 

7,11765 

4,06030 

6,46911 

7,76618 

EX2 

3,95385 

4,45978 

3,32396 

4,58373 

5,77124 

4,37622 

5,07225 

6,47023 

EX3 

1,54359 

3,36322 

1,06858 

2,01860 

5,22222 

4,28465 

4,53786 

5,90659 

EX4 

3,27692 

3,32830 

2,80684 

3,74700 

6,11111 

4,24195 

5,43356 

6,78866 

EX5 

6,16410 

4,37586 

5,54607 

6,78214 

7,00000 

3,86958 

6,38193 

7,61807 

TOTAL 

20,80513 

12,89502 

18,98387 

22,62638 

31,22222 

12,03461 

29,29999 

33,14446 

Table  7.  Descriptive  statistics  of  the  samples  and  the  estimation  of  mean. 

Collected  numerical  data  for  the  sample  of  students  and  the  sample  of  pupils 
are  presented  graphically  utilizing  box-plot  based  on  median  for  the  number  of 
points  achieved  in  solution  of  particular  exercise  with  respect  to  exercise  solvers 
(Figure  1,  Figure  2).  This  examination  also  indicates  the  difference  in  the  number 
of  points  achieved  in  solution  of  particular  exercise  between  students  and  pupils  in 
favor  of  pupils. 


Box  & Whisker  Plot  Box  ^ Whl^r  Plot 

STUDENTI  UCENICI 


Figure  1.  Box-plot  for  the  number 
of  points  achieved  in  solution 
of  particular  exercise  for  students. 


Figure  2.  Box-plot  for  the  number 
of  points  achieved  in  solution 
of  particular  exercise  for  pupils. 


Furthermore,  we  conducted  one-tailed  large-sample  test  of  hypothesis  about 
difference  in  the  number  of  points  achieved  in  solution  of  particular  exercise  be- 
tween students  and  pupils,  where  alternative  hypothesis  represented  the  existence 
of  the  difference  in  the  number  of  points  achieved  in  solution  of  particular  exer- 
cise in  favor  of  pupils  {Hi  : > ^12)-  Design  of  this  alternative  hypothesis  is 

based  on  previous  analysis.  Test  results  depicted  in  table  (Table  8)  indicate  that  at 
the  a = 0, 05  level  of  significance  there  is  a statistically  significant  difference  in 
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means  of  the  number  of  points  achieved  in  solution  of  particular  exercise  between 
pupils’  and  students’  solutions  in  favor  of  pupils.  Ultimately,  it  makes  pupils  more 
successful  in  solving  all  exercises  at  5%  level  of  statistical  significance. 


Considered 

characteristic 

p- value 

a = 0, 05 

z 

za  = 1,644854 

Ha 

EXl 

0,0032553383143 

p < a 

2,720888253 

Z>  Za 

reject 

EX2 

0,0000686269 

p < a 

3,81306549 

Z>  Za 

reject 

EX3 

0 

P < a 

8,71933034 

Z>  Za 

reject 

EX4 

5, 75...  10”'^ 

P < a 

6,786322167 

Z>  Za 

reject 

EX5 

0,02952666 

P < a 

1,887796191 

Z>  Za 

reject 

UKUPNO 

4, 10782519...  10“^^ 

P < a 

7,765870014 

Z>  Za 

reject 

Table  8.  Results  of  one-tailed  test  of  hypothesis  about  difference  in  the  number  of  points 
achieved  in  solution  of  particular  exercise  with  respect  to  solvers. 


In  addition,  we  explored  the  impact  of  the  so  far  attended  mathematical  sub- 
jects in  teaching  primary  education  programme  study  on  tested  students’  efficacy  in 
solving  given  exercises,  where  so  far  attended  mathematical  subjects  are  presented 
by  the  sum  of  the  number  of  ECTS  credits  (Table  6) . Descriptive  statistics  of  the 
sample  of  students  with  respect  to  the  total  number  of  ECTS  credits  in  the  so  far 
attended  mathematical  subjects  and  the  mean  estimation  of  the  number  of  points 
achieved  in  solution  of  particular  exercise  (Table  9,  Eigure  3 — Eigure  5)  point 
out  that  students  having  the  greatest  number  of  ECTS  credits  in  the  so  far  attended 
mathematical  subjects  achieve  the  best  results. 


ECTS 

n 

EXl 

EX2 

EX3 

EX4 

EX5 

TOTAL 

Descriptivea 

statistic 

Mean 

7,220930 

6,709302 

3,186047 

4,534884 

7,976744 

29,62791 

of  the 
sample 

Standard 

deviation 

4,02463 

4,30285 

4,27994 

3,59967 

3,49782 

11,21768 

19 

86 

95% 

confidence 

interval 

Lower 

bound 

6,35805 

5,78677 

2,26842 

3,76311 

7,22681 

27,22283 

for  the 
estimation 
mean 

Upper 

bound 

8,08381 

7,63183 

4,10367 

5,30665 

8,72668 

32,03298 

16 

Descriptivea 

statistic 

Mean 

4,79817 

1,77982 

0,24771 

2,28440 

4,73394 

13,84404 

of  the 
sample 

Standard 

deviation 

4,576065 

3,215581 

1,434728 

2,728762 

4,481737 

9,421385 

15 

109 

95% 

confidence 

interval 

Lower 

bound 

3,92936 

1,16931 

-0,02469 

1,76633 

3,88305 

12,05531 

11 

for  the 
estimation 
mean 

Upper 

bound 

5,66697 

2,39032 

0,52010 

2,80248 

5,58484 

15,63276 

Table  9.  Descriptive  statistics  of  the  sample  of  students 
and  the  mean  estimatio. 
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Figure  3.  Line  chart  for  the  mean  of  the  students’  number  of  points  achieved 
in  solution  of  particular  exercise 
with  respect  to  the  number  of  ECTS  credits 
achieved  in  the  so  far  attended  mathematical  subjects. 


Box  & Whisker  Plot  | STUDENTI  | MAT  ECTS  = 19  BoxS  Whisker  Plot  | STUDENTI  | MAT  ECTS<19 


Figure  4.  Box-plot  for  the  number  of  points 
achieved  in  solution  of  particular  exercise  for 
students  who  achieved  19  ECTS  credits  in  the 
so  far  attended  mathematical  subjects. 


Figure  5.  Box-plot  for  the  number  of  points 
achieved  in  solution  of  particular  exercise  for 
students  who  achieved  less  than  19  ECTS  credits 
in  the  so  far  attended  mathematical  subjects. 


Finally,  we  conducted  one-tailed  test  for  hypothesis  for  comparing  means  of  the 
students’  number  of  points  achieved  in  solution  of  particular  exercise  with  respect 
to  achieved  number  of  ECTS  credits  in  the  so  far  attended  mathematical  subjects. 
The  alternative  hypothesis  represented  the  existence  of  the  difference  in  the  number 
of  points  achieved  in  the  solution  of  particular  exercise  in  favor  of  students  who 
achieved  19  ECTS  credits  in  mathematical  subjects  {Hi  : fii  > 112).  Design  of  this 
alternative  hypothesis  is  based  on  previous  analysis.  Test  results  depicted  in  table 
(Table  10)  indicate  that  at  the  a = 0, 05  level  of  significance  there  is  a statistically 
significant  difference  in  means  of  the  number  of  points  achieved  in  solution  of  par- 
ticular exercise  between  students,  who  achieved  19  ECTS  credits  in  so  far  attended 
mathematical  subjects,  and  students,  who  achieved  less  than  19  ECTS  credits  in 
so  far  attended  mathematical  subjects,  in  favor  of  former.  Ultimately,  this  finding 
makes  students,  who  achieved  described  19  ECTS  credits,  more  successful  than 
other  students  in  solving  all  exercises  at  5%  level  of  statistical  significance. 
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Considered 

characteristic 

p- value 

a = 0, 05 

z 

Za  = 1,644854 

Ho 

EXl 

0,000042849868 

p < a 

3,927874986 

z>  za 

odbaciti 

EX2 

0 

p < a 

8,851520848 

z>  za 

odbaciti 

EX3 

5,24.  ..  10““' 

p < a 

6,101923784 

z>  za 

odbaciti 

EX4 

7, 58...  10“' 

p < a 

4,809169076 

z>  za 

odbaciti 

EX5 

0,0000000069416 

p < a 

5,674822095 

z>  za 

odbaciti 

Table  10.  Results  of  the  one-tailed  test  for  hypothesis  for  comparing  two  population 

means. 


Conclusion 

From  the  results  obtained  by  conducting  research  we  determined  current  state  of 
the  ability  of  the  teacher  education  students  enrolled  in  final  years  of  study  in 
Croatia  to  prepare  the  first  four  grades  of  elementary  school  pupils  for  mathematics 
competitions  at  extracurricular  mathematics  lessons. 

Obtained  outcomes  indicate  that  pupils,  who  participated  at  regional  mathe- 
matics competition,  are  more  successful  in  solving  exercises  from  regional  math- 
ematics competition  than  students.  Therefore  we  believe  that  current  generations 
of  students  enrolled  in  the  final  years  of  teacher  education  study  in  Croatia  are  not 
competent  enough  for  preparing  the  first  four  grades  of  elementary  school  pupils 
for  mathematics  competitions  in  their  future  teaching.  Besides,  this  research  re- 
vealed that  the  amount  of  mathematical  subjects  at  the  teacher  education  study 
has  a positive  effect  on  tested  students’  efficacy.  This  revel  should  certainly  be  a 
guideline  for  teacher  education  studies  in  Croatia  for  reviewing  their  programmes 
in  order  to  provide  quality  education  of  future  elementary  schools’  teachers  who 
should  be  able  for  giving  lessons  at  all  weight  levels  of  teaching  appropriate  to  the 
pupils  enrolled  in  the  first  four  grades  of  elementary  schools.  We  plan  to  conduct 
similar  research  in  the  next  generations  of  teacher  education  students  and  thus 
evident  possible  change. 
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Abstract.  In  July  2010  the  Ministry  of  science,  education  and 
sports  of  the  Republic  of  Croatia  has  issued  the  National  frame- 
work curriculum  for  preschool  education  and  compulsory  general  and 
secondary  education  (NFC),  with  mathematical  area  as  one  of  the 
eight  educational  areas  in  all  educational  cycles  and  compulsory  for 
all  students.  In  addition  to  aims  and  general  goals  of  learning  and 
teaching  mathematics  which  are  harmonized  with  the  definition  of  the 
mathematical  competence  in  Key  Competences  for  Lifelong  Learning 
- A European  Framework^ , the  document  states  expected  learning  out- 
comes for  mathematics  at  the  end  of  each  cycle.  They  are  organized  in 
two  dimensions  - conceptual  (mathematical  concepts)  and  procedural 
(mathematical  processes). 

Since  geometric  reasoning  and  spatial  reasoning  particularly  is 
important  component  of  mathematical  competence,  its  development 
has  been  rethought  and  reestablished  by  learning  outcomes  in  domains 
Shape  and  space  and  Measuring  in  NFC.  Implementation  of  this  part 
of  mathematical  curriculum  certainly  requires  highly  developed  spatial 
abilities  of  teachers.  It  is  therefore  necessary  to  examine  the  level  of 
spatial  ability  of  students  of  mathematics  education  programme. 

The  survey,  whose  results  we  present,  is  a continuation  of  our 
previous  research  of  spatial  abilities  of  students  of  mathematics  educa- 
tion at  the  Department  of  Mathematics,  Faculty  of  Science,  University 
of  Zagreb.  The  aim  was  to  determine  the  level  of  student  ability  of 
visualization  of  spatial  relationships,  particularly  of  cross  sections  of 
spatial  shapes. 


* The  document  Key  Competences  for  Lifelong  Learning  -A  European  Framework  is  a supplement 
to  the  document  Recommendation  of  the  European  Parliament  and  of  the  Council  of  18  December 
for  lifelong  learning  (2006/962/EC). 
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Students  have  undergone  the  standardized  Mental  Cutting  Test 
and  their  results  were  analyzed  and  compared  with  the  results  of  similar 
student  populations  from  neighbouring  countries  (Germany,  Hungary, 
Austria).  Besides,  on  a sample  of  first-year  students,  we  have  con- 
ducted a student  activity  of  recognition  and  mathematical  description 
of  shapes  formed  by  water  in  a box  when  the  box  is  rotated  about 
the  shortest  edge  of  its  base.  In  his  talk  we  present  the  results  of  the 
specified  testing  by  the  standardized  test  and  we  describe  the  aim  and 
progress  of  the  student  activity,  as  well  as  the  qualitative  analysis  of  its 
results. 

Keywords:  N ational  framework  curriculum,  mathematical  compe- 
tence, spatial  reasoning,  visualization,  mental  cut,  standardized  Mental 
Cutting  Test,  students  of  mathematics  education  programmes 
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Abstract.  It  is  very  common  to  talk  today  about  technology  sup- 
ported learning  or  e-learning.  But  there  is  very  limited  number  of 
research  answering  the  question  if  technology  really  enhances  learning 
and  quality  of  teaching  as  well  as  achievements  of  learning  outcomes. 
Let  us  emphasize  that  we  advocate  approach  to  teaching  and  learning 
that  is  based  on  the  paradigm  that  pedagogy  precedes  technology  and 
that  setting  educational  goals  comes  before  looking  for  appropriate 
ICT  tools  or  other  media.  The  dilemma  about  the  appropriate  usage 
and  influence  of  media  on  learning  is  not  something  new.  There 
was  the  great  “media  debate”  started  in  the  1990s  by  Richard  Clark 
and  Robert  Kozma,  when  Clark  (Clark,  1983)  presented  the  analogy 
of  technology’s  role  in  learning  as  having  no  more  effect  than  a 
grocery  truck  contributes  to  the  quality  of  the  produce  it  carries  and 
Kozma  (Kozma,  1994)  stressed  that  the  usage  of  computer  technology 
is  the  most  effective  when  it  supports  active  engagement  within  the 
curriculum.  In  our  paper  we  will  analyse  literature  that  deals  with  the 
question  from  the  title,  further  we  will  present  our  own  teaching  and 
learning  experience  and  results  of  qualitative  and  quantitative  survey 
we  performed. 

Keywords:  technology,  learning 


Introduction 

From  the  very  beginning  of  systematically  organized  learning  process,  people 
used  all  sorts  of  supplementary  instruments  to  enhance  productivity  of  the  same. 
Availability  and,  after  all,  the  existence  of  those  supplementary  instruments  were 
dictated  by  the  timeline  itself.  What  does  that  mean?  Let  us  use  photography  for 
example:  it  plays  an  important  role  in  learning  process  and  was  black  and  white  at 
first,  but  in  years  it  became  colored.  Afterwards,  mankind  has  managed  to  put  it 
in  motion  and  we  got  motion  picture.  And  nowdays,  instead  of  just  watching  that 
motion  picture,  you  can  interact  with  it  and  create  your  own  diverse  environments 
and  conditions  to  obtain  new  knowledge.  Technology  progresses  rapidly,  hence 
time  has  a crucial  role  in  discussion  about  technology  enhanced  learning.  Not 
so  long  ago  a chalk  and  a blackboard,  along  with  books,  were  basic  instruments 
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for  teaching,  and  today  you  cannot  imagine  a lesson  without  introducing  digital 
presentations  on  the  canvas  or  screen.  It  is  very  common  to  talk  about  technol- 
ogy supported  learning  or  e-learning  today  and  the  term  that  is  used  in  society  for 
those  overall  technologies  is  information  and  communication  technologies.  Among 
those,  the  computer  technologies  are  the  ones  that  have  expanded  extremely  in  the 
last  few  decades.  Because  of  that  expansion,  people  have  started  to  wonder  if 
they  really  influence,  i.e.  enhance  learning  and  in  this  respect  this  questions  still 
lay  open.  Computer  technologies  have  been  in  our  classrooms  for  nearly  30  years 
and  yet  we  still  ask  questions  about  their  effect  on  learning  process.  In  this  paper, 
we  shall  recall  that  famous  debate  between  Richard  E.  Clark  (Clark,  1983)  and 
Robert  Kozma  (Kozma,  1994)  about  the  technology  influence  and  afterwards  get 
acquainted  with  the  latest  overall  summary  of  the  achievements  in  higher  education 
(CSLR  2009)  concerning  the  question  from  the  title.  In  addition,  we  shall  try  to 
compare  that  situation  with  the  one  at  our  faculty,  the  Faculty  of  organization  and 
informatics.  University  of  Zagreb. 


The  “great  media  debate” 

The  “great  media  debate”  was  initiated  by  Clark’s  article  (Clark,  1983).  He  de- 
clares in  his  article  that  technology’s  role  in  learning  is  and  always  will  be  minimal. 
What  is  more,  he  claims  that  instructional  design  and  teaching  practices  (instruc- 
tional methods)  are  the  core  of  learning  in  formal  settings,  whether  instruction  is 
offered  as  classroom  instruction,  through  distance  education,  or  a combination  of 
both  (i.e.  blended  or  hybrid).  He  said  that  “. . . media  are  mere  vehicles  that  deliver 
instruction  but  do  not  influence  student  achievements  any  more  than  the  truck  that 
delivers  our  groceries  causes  changes  in  our  nutrition”.  On  the  other  hand,  Kozma 
(Kozma,  1994)  was  aware  of  the  computer  technology  expansion  and  said  that  we 
must  not  ask  ourselves  a question  “Do  media  influence  learning?”  but  rather  “In 
what  ways  can  we  use  the  capabilities  of  media  to  influence  learning?”  We  have 
to  emphasize  that  this  was  in  1994,  almost  20  years  ago  and  10  years  after  Clark’s 
article.  Kozma  didn’t  separate  media  from  the  instructional  methods  but  considered 
them  as  having  more  integral  relationship.  He  concluded  that  the  usage  of  computer 
technology  is  most  effective  when  students  are  actively  engaged  within  the  curricu- 
lum. In  his  article,  students  themselves  have  worked  on  computers,  doing  physics, 
and  testing  their  problem  solutions  in  different  conditions.  Those  students  have 
achieved  better  test  results  than  the  ones  who  attended  traditional  lessons.  Clark 
would  say  that  in  that  physics  case  computers  were  a part  of  a teaching  method  and 
the  difference  is  in  method  you  choose.  We  have  to  give  credits  to  both  of  them 
and  say  their  arguments  make  a good  point,  even  today.  Especially  if  we  take  into 
account  that  articles  were  written  in  early  1980s,  when  personal  computers  were 
still  in  diapers,  so  it  is  understandable  why  Clark  considered  technology  and  media 
as  apart  of  educational  methods.  Because  of  the  computer  technology  infestation  in 
learning  process  today,  one  could  agree  that  the  majority  of  today’s  modern  teach- 
ing methods  include  computer  technology  and  it  is  all  about  choosing  the  right 
method.  We  have  got  to  ask  ourselves  whether  technology  has  really  enhanced 
and  improved  the  learning  process  with  its  outcomes  or  it  has  just  enhanced  the 
availability,  accessibility  and  volume  of  learning  material?  And  if  both  of  these 
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statements  are  correct,  in  what  ratio  do  they  correspond?  This  was  the  key  note  for 
our  simple  survey  among  students  at  Faculty  of  organization  and  informatics  that 
we  will  talk  about  later  in  this  paper. 


Computer-based  technologies 

Centre  for  the  Study  of  Learning  and  Performance  (CSLP)  at  Concordia  Uni- 
versity, Canada,  has  performed  an  extensive  literature  search  among  papers  pub- 
lished since  1990  about  computer-based  technology  in  higher  education  (CSLP, 
2009).  They  wanted  to  explore  the  achievement  effects  of  the  computer-based 
technology  use  in  higher  education  classrooms  (non-distance  education).  The 
search  revealed  more  than  6000  potentially  relevant  empirical  studies  which  were 
reduced  to  a sample  of  231  representative  studies.  We  will  not  go  so  much  into 
details  of  this  research  but  rather  discuss  the  results.  The  year  1990  was  chosen 
because  the  computer-based  technologies  are  more  current  technologies.  Over- 
all, the  results  suggested  that  using  technology  is  better  than  not  using  it,  but 
said  nothing  about  how  much  technology  improves  learning  achievement  or  how 
technologies  function  best  to  promote  educational  outcomes.  They  managed  to 
find  three  additional  pieces  of  evidence  suggesting  how  technology  use  relates  to 
learning  in  higher  education  environments.  First,  in  analyzing  the  overall  effects 
of  technology  applications  in  higher  education,  they  found  that  technology  use 
appears  to  have  its  limits  when  it  comes  to  affecting  learning  achievement.  So, 
we  can  keep  increasing  the  quantity  of  technology  applications,  but  at  some  point 
the  learning  achievement  will  reach  its  limit.  It  won’t  rise  unconditionally.  Sec- 
ondly, they  found  that  technologies  supporting  cognition,  broadly  defined,  produce 
significantly  better  results  than  technologies  used  to  present  or  deliver  content.  It 
is  arguable  that  more  engaging  technology  applications  outperform  less  engaging 
applications  related  to  receiving  and  internalizing  content  and  this  seems  to  support 
Kozma’s  (1994)  claim  for  technology  advantages.  Although,  it  does  not  discount 
Clark’s  argument  that  design  is  at  the  root  of  learning  success  and  that  achievements 
might  have  been  promoted  otherwise  by  non-technology  means.  Third,  they  found 
a differentiation  between  the  levels  of  technology  saturation.  Conditions  of  low 
and  moderate  technology  saturation  led  to  larger  average  effects  than  more  highly 
saturated  classroom  uses.  This  suggests  that  there  may  be  a downside  to  technology 
use.  Guided  by  these  three  before  mentioned  major  results  of  the  CSLP  study,  we 
formed  a questionnaire  for  students  at  the  Faculty  of  organization  and  informatics 
which  is  the  topic  of  our  next  section. 


Survey  at  Faculty  of  organization  and  informatics  (FOi), 

University  of  Zagreb 

At  first,  let  us  explain  the  context  we  are  dealing  with.  The  major  aim  of  the 
Faculty  of  organization  and  informatics  is  to  provide  students  a first  class  educa- 
tion in  the  field  of  information  sciences  as  well  as  information  technologies.  The 
presence  of  the  word  ‘technology’  in  the  curriculum  implies  in  a way  imperative  of 
using  technology  enhanced  learning  during  undergraduate  and  graduate  education 
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(“use  technology  to  teach  about  technology”).  Besides  using  ICT  (Information 
and  Communication  Technologies)  in  classrooms  according  to  teachers’  decisions, 
e-learning  has  also  been  implemented  at  the  Faculty  level  since  2006,  based  on 
strategy  and  systematic  approach  (Strategy  FOI).  The  LMS  (Learning  Manage- 
ment System)  that  is  being  used  since  then  is  Moodle,  which  replaces  several 
LMSs  that  were  in  use  before,  but  not  in  systematic  way.  More  about  teaching  and 
learning  environment  at  FOI  in  (Divjak  & Erjavec  2007,  Divjak  & Ostroski,  2009, 
Divjak  et  al  2010). 

What  about  the  students  that  Faculty  enrolls?  We  can  assume  that  they  are 
well  disposed  towards  computer  technology.  It  is  a very  specific  situation  that  is 
worth  comparing  with  the  results  of  the  study  about  computer-based  technologies 
described  in  the  previous  section.  We  wanted  to  see  what  the  students’  observations 
concerning  this  subject  are.  Therefore,  the  questionnaire  was  conducted  among 
192  first  year  students  (72%  of  all)  and  a sample  of  17  students  (85%  of  course 
enrolled)  on  the  course  Discrete  mathematics  with  graph  theory  (5*  semester  un- 
dergraduate and  semester  graduate).  By  the  time  they  enroll  Discrete  structures 
and  graph  theory,  students  become  familiar  with  much  more  e-learning  courses  and 
diversity  of  approaches  to  teaching  and  learning  then  the  freshmen.  Besides  that, 
the  mentioned  course  is  well  equipped  with  qualitative  ICT  materials  and  tools, 
so  it  is  very  useful  to  compare  the  results  of  the  two  observed  student  groups. 
We  are  aware  that  there  is  a considerable  difference  in  sample  size  and  type  and 
therefore  we  interpret  these  data  and  especially  differences  only  in  qualitative  way. 
Hereafter,  we  shall  call  freshmen  the  “younger  students”  and  the  second  group 
the  “older  students”.  For  the  start,  we  wanted  to  find  out  their  experience  with 
classroom  ICT  use  in  secondary  school  (Table  1). 


% 

PPt 

presentations 

Overhead 

transparencies 

E-learning 
system  (LMS) 

Computers 

No 

technology 

Younger 

N = 192 

11,1 

76,1 

7,8 

29,2 

10 

Older 

N =11 

47,1 

76,5 

0 

23,5 

23,5 

Table  1.  High  school  experience  (multiple  choice  question). 

Overhead  transparencies  are  still  something  standard  in  secondary  school  but 
are  slowly  being  replaced  by  PowerPoint  presentations  as  we  were  saying  before. 
In  two-  or  three-year  period  (the  average  age  difference  between  the  groups)  the 
percentage  of  PPt  presentations  use  has  increased  considerably.  It  seems  that  the 
LMSs  are  also  infiltrating  themselves  into  secondary  schools,  what  was  not  the  case 
with  the  older  group.  After  the  experience,  we  wanted  to  be  sure  about  their  attitude 
towards  technology.  Almost  85%  of  younger  students  and  all  older  students  agreed 
or  strongly  agreed  that  the  use  of  ICT  enables  easier  adoption  of  teaching  content. 
This  confirms  our  claim  about  pro-technology  oriented  students  (Figure  1). 

Next,  we  gave  them  an  open  question  to  specify  a single  reason  why  they 
agreed  with  the  previous  statement.  About  75%  of  younger  students  and  more 
than  80%  of  older  students  wrote  down  variations  of  teaching  material  availability. 
This  goes  mainly  in  favour  of  Clark’s  thesis:  today  we  just  have  newer  trucks  to 
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transfer  groceries.  Afterwards,  students  had  another  similar  statement  to  finish  by 
choosing  only  one  out  of  tree  bidden  endings  (Table  2). 


The  use  ofICT  enables  easier  adoption  of  learning  eontent. 


Strongly  agree 
Agree 
Nor  agree  nor. 
Disagree 
Strongly  disagree 


20 


40 


60 


80 


■ Older 

■ Younger 


Figure  1.  Attitude  towards  technology  (results  in  percentages). 


I think  that  ICT 
in  educational 
process 

contributes  most 
because  of  . . . (%) 

. . . easier 
availability 
of  the 
teaching 
material. 

. . . the  teaching 
material  that 
provides  easier 
understanding  of 
the  teaching  content. 

. . . the  simple 
teacher/stndent  and 
student/student 
communication. 

Younger 

64 

32,3 

3,7 

Older 

82,3 

11,8 

5,9 

Table  2.  Attitude  towards  technology  (results  in  percentages). 

We  got  similar  results  as  in  previous  open  question.  This  was  the  major  part  of 
the  questionnaire  where  we  could  identify  their  beliefs  about  technology  contribu- 
tion and  was  specific  to  the  second  result  of  the  study  from  the  previous  section.  As 
we  can  see  from  Table  2,  the  majority  of  the  students  from  both  groups  believe  that 
the  main  contribution  of  ICT  is  to  deliver  information,  teaching  material,  tools  and 
databases.  This  is  the  reality.  But  why  this  is  the  case?  Here  we  have  to  add  that 
all  of  the  courses  at  FOI  are  delivered  as  blended  learning  courses.  It  means  that 
students  also  have  a rich  classroom  experience  and  communication  with  teachers  as 
well  as  among  each  other  and  they  are  much  more  looking  at  LMS  for  material  and 
supporting  tools  than  to  communicate.  Therefore,  when  answering  that  question 
they  just  prioritized  their  answers  and  put  first  what  is  more  obvious  to  them.  By 
their  experience,  ICT  is  mostly  used  to  deliver  content,  i.e.  teachers  mostly  used 
ICT  to  deliver  content.  One  of  reasons  for  this  kind  of  situation  is  that  there  are  still 
too  many  students  in  lecturing  and  seminar  groups  and  teachers  are  rather  keen  on 
delivering  material  through  LMS  and  perhaps  spare  some  time  to  provide  qualita- 
tive exercises  that  Kozma  is  talking  about  (which  support  cognition).  On  the  other 
hand,  teachers  have  to  invest  a lot  of  time  in  purpose  of  developing  the  e-content. 
To  support  this  claim,  we  asked  students  if  they  have  ever  encountered,  during  their 
study  period,  materials  which  helped  them  in  easier  understanding  of  the  teaching 
content.  As  a result,  82%  of  younger  and  94%  of  older  students  answered  that  they 
have  encounter  this  kind  of  material  on  some  courses.  So,  majority  of  them  agreed 
that  there  are  some  excellent  positive  examples.  We  also  asked  them  about  the 


When  technology  influences  learning? 


97 


negative  side  of  the  ICT  use:  whether  they  have  encountered  a course  which  has  so 
large  amount  of  materials  (documents,  applets,  animations,  movies...)  presented 
in  a non-systematic  way  that,  because  of  its  prolixity,  does  not  contribute  to  the 
learning  adoption.  About  half  of  both  groups  answered  that  they  have  encountered 
at  least  one  such  course.  Here  we  have  an  example  where  extensive  use  of  ICT 
in  curriculum  delivery  does  not  necessarily  contribute  to  students’  learning  and 
achievement  of  learning  goals.  What  is  the  ultimate  goal  the  most  students  have? 
The  highest  priority  goal  is  to  pass  the  exam  and  for  most  of  them  this  is  the  only 
goal.  In  short:  you  have  pro-technology  oriented  students,  majority  of  which  wants 
to  invest  minimal  effort  required  to  pass  the  exams  (especially  mathematics  exam 
since  mathematics  is  not  their  core  business). 

Further,  we  put  them  an  open  question  on  what  kind  of  more  ICT  related 
support  they  would  like  to  be  provided  for  them  (existing  or  not  existing).  Some 
of  answers,  that  describe  “dark  side”  of  ICT  usage,  can  be  found  in  Table  3.  As 
we  can  see,  younger  students  want  to  have  everything  on  the  plate  and  they  put 
themselves  in  more  passive  than  active  role.  For  example,  a lot  of  students  asked 
for  more  “shortened”  material  for  preparing  exams  and  monthly  tests.  One  student 
even  suggested  teachers  to  prepare  so  called  short  version  of  the  exercise  book  with 
only  those  examples  that  are  absolutely  necessary  for  written  exam  (because  the 
exercise  book  is  to  extensive.  There  is  a little  attention  dedicated  to  leaning  on 
creativity,  so  teachers  have  to  be  careful  not  to  fulfd  all  students’  wishes  and  in  that 
way  imprison  their  creativity.  On  the  contrary,  we  have  to  support  creativity  and 
innovation  during  study  period,  because  today,  jobs  and  careers  considerably  lean 
on  them.  It  is  encouraging  that  older  students  are  more  aware  of  employability 
competences  and  they  have  also  more  sophisticated  learning  needs. 


Specify  some  of  the  most  useful  materials 
available  through  e-leamlng  system  (existing  or  not  existing). 

Younger 
(!*•  year) 
students 

• Shorter  electronic  presentations  with  just  the  contents 
that  come  on  the  exam 

• More  examples  of  solved  old  midterm  exams 

• A script  with  answered  exam  questions 

• More  exercises  with  solutions 

• List  of  presentations  and  exercises 

• Graphical  presentations  and  animation 

Older 

students 

• Self-evaluation  tests  for  students  to  check  their  knowledge 

• Links  to  interesting  pages 

Table  2.  ICT  contribution. 


Conclusion 

The  use  of  technology  in  teaching  process  is  inevitable,  because  it  has  entered 
into  each  aspect  of  everyday  life  and  students  are  motivates  to  learn  by  use  of  ICT. 
The  survey  results  show  that  more  engaging  technology  applications  give  better 
learning  results.  If  we  are  not  able  to  produce  this  kind  of  improvement,  just 
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increasing  availability  of  learning  materials  also  makes  a positive  difference.  But 
we  must  not  forget  that  pedagogy  precedes  technology  and  that  setting  educational 
goals  comes  before  looking  for  appropriate  ICT  tools  or  other  media.  Setting 
technology  in  the  first  place  might  have  an  opposite  effect  and  lead  to  saturation 
and  loss  of  students’  engagement.  Therefore  we  have  to  be  aware  of  the  negative 
effects  of  using  technology.  For  example,  if  it  is  used  for  only  material  delivery 
and  straightforward  instructions  on  how  to  pass  exam,  it  will  have  a negative  effect 
on  creativity  and  deeper  understanding,  as  well  as  on  the  self-engagement  of  the 
students.  Because  of  that  teachers  have  to  expose  students  to  different  teaching 
approaches,  material  and  tools  that  encourage  problem  solving  and  creativity.  Fi- 
nally, in  the  planning  process  teacher  has  to  start  with  the  list  of  learning  outcomes 
and  potential  obstacles  that  can  emerge  during  learning  and  teaching  process  im- 
plementation. Upon  that,  he  has  to  decide  on  teaching  and  assessment  methods 
as  well  as  where  to  implement  technology  to  enhance  learning,  achieve  learning 
outcomes  and  personalize  learning  process.  An  absolute  imperative  must  be  to 
support  student’s  creativity  and  innovation. 
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How  to  achieve  desirable  learning  outcomes 
within  teacher  studies 


In  the  third  chapter  of  the  monography  in  their  articles  the  authors  answer  the 
question  How  to  achieve  desirable  outcomes  of  mathematics  learning.  Some  of 
the  authors  are  of  the  opinion  that  firstly,  in  school  mathematics  it  is  required  to 
replace  persistant  insisting  on  formalities,  whenever  possible,  with  experimental 
aspects  of  mathematics.  Other  authors  see  more  desirable  learning  outcomes  oc- 
curring in  the  presence  of  more  frequent  and  structured  application  of  information 
technologies.  They  research  the  attitude  of  students  of  teacher  studies  towards 
using  ICT  in  the  classroom,  as  well  as  critically  assess  relevant  issues,  criteria  and 
methods  for  selecting  the  appropriate  on-line  materials  for  teaching  mathematics. 
The  third  section  reports  on  the  efficiency  of  original  approaches  and  procedures  in 
teaching  mathematics,  by  means  of  which  students  are  guided  towards  higher  levels 
of  learning  outcomes.  Modern  learning  conditions  require  a competent  teacher  and 
pupil/student  for  long  distance  learning  and  application  of  intelligent  systems.  It  is 
therefore  proposed  that  additional  room  be  found  for  achieving  such  competences 
within  reviewed  programmes  of  teacher  studies. 
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Between  axioms  and  reality 
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Abstract.  Contemporary  teaching  and  learning  of  mathematics  is 
supposed  to  be  focused  on  raising  mathematical  literacy.  This  does 
not  mean  that  we  renounce  mathematics  or  its  theoretical  bases,  but 
it  means  a lot  more:  what  we  learn  at  mathematics  is  expected  to  be 
promptly  understood  and  logically  positioned  into  the  already  acquired 
knowledge,  and  at  the  same  time  we  are  expected  to  build  mental  links 
necessary  for  the  use  of  mathematics  in  every  day  life.  This  is  the  only 
way  we  can  avoid  insufficient  functional  knowledge  of  mathematical 
contents.  And  at  the  same  time  we  have  to  bear  in  mind  that  mathemat- 
ics is  in  the  function  of  mathematical  literacy  development  important 
for  everyone,  not  only  for  those  who  like  mathematics  and  enjoy  in  its 
beauty  and  elegance. 

Mathematics,  indeed,  is  an  abstract  knowledge;  however,  it  may 
be  brought  closer  to  several  pupils  by  using  adequate  examples  and 
models.  Each  pupil  can  experience  it  in  reality,  and  more  or  less  clear 
models  guide  him/her  towards  the  path  of  “axioms”.  We  should  bear  in 
mind,  that  only  rare  individuals  can  find  their  way  through  the  abstract 
world  of  mathematics,  and  that  a vast  majority  of  people  experience 
that  world  only  in  realistic  illustration. 

Keywords:  teaching  and  learning  of  mathematics,  mathematical 
literacy,  abstract  world,  realistic  illustration 


Introduction 

First  of  all,  we  have  to  ask  ourselves  what  objectives  and  goals  give  us  argu- 
ments for  mathematical  instruction  and  what  are  the  reasons  for  it.  Do  we  have 
adequate  curricula?  Do  we  have  compelling  reasons  for  mathematical  instruction 
reform  and  for  different  approaches  to  teaching  mathematics?  Obviously,  certain 
fundamental  reasons  for  mathematical  instruction  are  linked  with  the  development 
of  proper  functional  capabilities  of  the  learning  population,  and  there  is  also  a 
reflection  underneath  on  what  does  the  learning  population  really  get  within  the 
instruction  of  mathematics. 
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The  questions  on  eligibility  of  teaching  mathematics  and  on  the  contents  that 
should  be  taught  to  certain  groups  or  at  certain  levels  of  schooling  are  not  asked 
very  often.  Two  aspects  of  teaching  are  noticeable:  one  linked  with  the  problem  of 
knowledge  testing  at  the  end  of  schooling  at  a certain  grade  (Jensen,  Niss,  Wedege, 
1998),  and  the  other  linked  with  the  level  of  mathematical  skills  or  the  need  to  in- 
crease the  level  of  skills  within  a certain  population  (OECD,  1995;  OECD,  2000). 


The  Needs  of  Reality 

During  the  instruction  of  mathematics  we  should  master  the  “applied”  math- 
ematics or  the  mathematics  which  we  need  in  our  every  day  life.  Eirst  of  all, 
it  is  a question  of  our  capability  of  acting  in  the  society,  thus  the  acquisition  of 
certain  fundamental  minimum  knowledge  and  skills  that  all  pupils  should  master, 
except,  perhaps  a few  children  with  specific  disabilities.  Each  individual  should 
then  further  develop  his/her  competences  linked  with  his/her  work  or  job,  he/she 
is  doing.  The  types  of  competences,  knowledge  and  skills  are  diverse  for  different 
professions;  learning  population  acquires  them  mostly  within  specific  education. 
In  fact,  schools  should  provide  basic  understanding  and  skills,  on  the  basis  of  which 
further  specific  knowledge  and  skills  could  be  built. 

Some  people  need  and  want  to  master  specific  knowledge  at  a higher  level. 
This  is  not  a goal  that  many  people  follow,  however  it  seems  necessary  to  motivate 
as  many  people  as  possible,  in  particular  younger  generations,  to  set  for  themselves 
the  goals  which  are  high  enough.  In  any  case,  that  goal  should  not  prevail  and  twist 
the  mathematical  curriculum  of  Primary  Schools. 

Within  the  instruction  of  mathematics  the  mathematical  problem  itself  has  a 
significant  meaning,  i.e.,  problem  solving  and  problem  setting.  It  is  true  that  solv- 
ing problems  has  so  far  been  more  emphasised  and  in  most  cases  routine  problems, 
whereas  problem  setting  has  been  neglected.  In  order  to  understand  problems  and 
the  recording  of  problem  situations,  as  well  as  establishing  adequate  solving  strate- 
gies, solving  and  problem  setting  them  are  inseparably  connected.  With  their  help 
we  can  find  “mathematical”  links  between  the  seemingly  different  problems  and 
we  can  show  our  creativity  for  solving  them.  An  individual’s  self-confidence  is 
also  closely  linked  with  that,  as  one  can  prove  his/her  knowledge  of  mathematics 
and  show  his/her  skills  in  its  application,  by  successfully  solving  mathematical 
problems,  and  thus  show  confidence  in  his/her  abilities  of  mastering  new  know- 
ledge and  skills.  Through  the  effective  knowledge  of  mathematics  an  individual  is 
able  to  solve  more  difficult  mathematical  problems  and  tackle  new  challenges. 

The  knowledge  of  mathematics  acquired  by  an  individual  at  school  should 
be  sufficient  for  successful  acting  in  the  social  reality  and  for  improving  his/her 
social  status  as  well  as  the  entire  society  as  a whole.  An  individual  is  expected  to 
recognise,  interpret,  assess  and  critically  judge  mathematical  aspects  of  reality,  be 
it  in  terms  of  economy,  politics  or  from  social  point  of  view. 

We  should  never  forget  mathematics  as  a part  of  culture  and  history  of  a certain 
society  in  general.  This  means  to  understand  mathematics  in  its  entire  role  and  not 
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only  as  a set  of  knowledge  and  skills.  Unfortunately,  it  is  both,  in  schools  as  well 
in  the  individual  learning  of  mathematics,  perceived  as  accumulating  this  and  that 
kind  of  formulas  and  recipes  which  does  not  reflect  the  greatness  of  mathematical 
culture,  but  only  bits  and  pieces  extracted  from  the  mathematical  mosaic.  It  is 
important  to  know  the  historical  development  of  mathematics,  the  social  context 
of  mathematical  concept  beginnings,  its  symbolic,  theory  and  problems  in  order  to 
be  aware  of  human  culture  development,  and  it  is  also  important  for  the  motivation 
for  learning  and  deepening  mathematical  knowledge. 

Only  after  several  years  of  learning  mathematics  an  individual  can  understand 
mathematics  as  a discipline.  One  becomes  aware  of  qualitative  and  intuitive  under- 
standing of  certain  concepts  as  for  example  symmetry,  sample,  infinity,  structure, 
paradox,  recursion,  proof,  etc.  We  can  find  a number  of  the  deepest,  the  mightiest 
and  the  most  exciting  ideas  mankind  has  ever  developed  in  mathematics. 


Mathematical  Education 

We  have  to  be  fully  aware  of  the  fact  that  “school”  mathematics  is  not  unilat- 
erally defined,  it  depends  on  social  values  and  cultural  environment.  Evidently,  it 
is  not  identical  to  “pure”  mathematics,  but  it  is  a selection  of  adapted  mathematical 
contents.  Even  the  sequence,  according  to  which  those  contents  are  mastered,  the 
teaching  method  and  knowledge  testing  has  been  selected. 

The  applicability  of  “pure”  and  “school”  mathematics  has  been  in  the  today’s 
world  largely  overestimated,  and  therefore  the  argument  of  utility  does  not  really 
count  when  justifying  its  teaching  throughout  the  entire  period  of  obligatory  educa- 
tion, although  it  is  generally  accepted  that  mathematics  is  strongly  present  with  its 
social  applicability  an  practically  in  all  the  segments  of  modern  life,  from  educa- 
tion, economy  to  industry  etc.  Practical  mathematics  has  always  been  significantly 
developing  next  to  the  “pure”  mathematics.  Even  nowadays  mathematical  studies 
in  bookkeeping,  insurance,  management  and  information  technology  have  been 
developing  within  professional  institutions  with  very  little  contribution  of  “pure” 
mathematics  (Ernest,  2000). 

Modern  society  and  modern  lifestyle  are  deeply  mathematised,  we  are  faced 
with  mathematics  at  every  step,  a lot  of  things  are  organised  by  integrated  complex 
numerical  and  algebraic  systems  be  it  in  the  department  stores,  stock  markets,  tax- 
ation systems,  social  security  systems,  education  systems  or  industry  etc.  Those 
automated  systems  are  used  to  perform  very  complex  tasks  of  data  collection  and 
to  carry  out  certain  actions,  and  mathematics  helps  organising  a large  proportion 
of  our  life  with  very  little  intervention  into  the  systems  as  well  as  their  verification 
once  they  have  been  put  in  place.  Despite  that,  there  is  no  need  for  a wider  or 
deeper  knowledge  of  mathematics  in  order  to  act  successfully  in  the  society,  and 
here  we  do  not  mean  that  we  should  control  those  systems.  A success  of  a certain 
generation  at  the  international  competitions  form  mathematics  most  certainly  does 
not  ensure  economic  and  social  boost,  however  there  is  a need  for  a narrow  elite 
supervising  the  functioning  of  those  systems  and  servicing  them.  The  objectives 
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of  general  mathematical  education  should  therefore  not  be  set  according  to  specific 
needs  of  that  very  small  group  of  people. 

It  seems  that  most  people  do  not  need  a deepened  knowledge  of  mathematics, 
and  the  minority  which  applies  their  knowledge  of  mathematics,  acquires  their 
knowledge  outside  school  education  system.  It  is  a kind  of  “paradox  of  signifi- 
cance”, since  the  society  shows  at  the  same  time  its  objective  importance  and  sub- 
jective insignificance  of  mathematics  (Niss,  1994).  Although  society  is  becoming 
more  and  more  mathematised,  only  a handful  of  people  deal  with  it.  It  is  therefore 
faulty  to  emphasise  that  everyone  should  get  as  much  mathematical  knowledge  as 
possible  because  of  growing  mathematisation  of  the  society  in  general. 

In  the  second  half  of  the  20*  Century  there  was  a tendency  to  establish  a better 
education,  the  international  community  started  to  pay  attention  to  the  problem  of 
illiteracy  and  was  trying  to  find  ways  to  eradicate  it.  Here  also  teaching  and  learn- 
ing mathematics  was  underlined  to  help  raise  the  level  of  mathematical  literacy. 
There  was  a well  known  movement  called  “mathematics  for  all”.  However,  the 
majority  of  pupils  do  not  achieve  the  expected  knowledge  level  and  understanding 
of  mathematics,  and  they  do  not  develop  adequate  skills  in  reference  to  the  planned 
curriculum.  Because  of  this,  there  are  more  and  more  considerations  about  a differ- 
entiated instruction  of  mathematics,  the  so  called  “serious  teaching  of  mathematics” 
to  be  limited  to  a small  group  of  pupils  which  would  deepen  their  mathematical 
knowledge  and  develop  mathematical  competences  with  a reasonable  input  of  their 
efforts  and  time  (Niss,  2002).  Of  course,  this  does  not  mean  that  mathematical 
instruction  is  not  needed  for  a vast  majority  of  pupils,  but  it  means  that  differ- 
ent approaches  are  needed  for  them  to  master  and  consolidate  their  mathematical 
knowledge  as  well  as  raise  their  adequate  competences  contributing  to  the  increase 
of  the  level  of  mathematical  literacy. 

We  should  also  include  the  elements  of  understanding  and  awareness  into  the 
mathematical  instruction  and  not  only  developing  capabilities.  The  language  of 
mathematical  instruction  is  full  of  orders  and  commands,  pupils  are  required  to  do 
this  and  that  - and  we  practically  cannot  find  any  discussion  on  the  procedures, 
on  reasons  for  using  this  path  of  solving  a problem,  on  understanding  of  a certain 
problem,  etc.  There  is  an  open  question  on  what  understanding  and  awareness  of 
mathematics  really  means.  Ernest  (2000)  cites  elements  which  are  supposed  to  be 
part  of  mathematical  understanding  and  awareness,  among  them  as  follows: 

- qualitative  understanding  of  certain  fundamental  mathematical  concepts  as 
for  example  infinity,  symmetry,  structure,  recursion,  proof,  chaos,  random- 
ness etc., 

- understanding  the  main  branches  and  concepts  of  mathematics,  as  well  as 
feeling  their  interconnections  and  interdependence,  and  also  unity  of  math- 
ematics, 

- awareness  of  how  mathematical  thinking  is  trickling  into  every  day  life  and 
where  it  has  already  been  present,  although  we  do  not  speak  of  mathematics 
directly, 

- critical  understanding  of  application  of  mathematics  in  the  society:  recog- 
nition (cognition),  interpretation,  evaluation  and  critical  assessment  of  in- 
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tegration  of  mathematics  into  the  social  and  political  systems, 

- awareness  of  historic  mathematical  development,  social  context  of  its  ori- 
gins, symbolic,  theories  and  problems, 

- feeling  mathematics  as  a central  element  of  culture,  arts  and  life  which  is 
today,  as  it  was  once,  closely  linked  with  science,  technology  and  all  the 
aspect  of  human  being. 

We  should  by  no  means  neglect  the  gap  between  the  preset  objectives  of  math- 
ematical instruction  and  the  impact  that  is  demonstrated  as  its  result.  May  the 
objectives  of  instruction  be  as  noble  as  possible,  high  profde  and  established  with 
those  or  other  purposes,  at  the  bottom  line  it  is  necessary  to  verify  whether  they 
have  been  achieved  or  not.  Each  reflection  on  mathematical  curriculum  has  to 
contain  three  levels,  as  follows: 

- the  planned  and  scheduled  curriculum, 

- adopted  and  implemented  curriculum  and 

- “acquired”  curriculum,  i.e.,  pupils’  achievements  and  learning  results. 

The  ascertainment  of  what  objectives  of  mathematical  instruction  have  been 
achieved  in  school  practice  ought  to  influence  primarily  mathematical  instruction 
itself.  Since  teaching  is  a planned  activity,  the  expressed  objectives  should  be 
closely  connected  with  the  realisation  of  teaching  goals.  If  there  is  no  such  connec- 
tion, a certain  imbalance  and  disharmony  appears  which  then  reflects  in  discomfort 
of  teachers  and  pupils. 

How  much  abstraction? 

There  is  still  an  overwhelming  conviction  that  mathematical  truths  are  uni- 
versal, independent  from  mankind,  from  its  culture  and  values  - supposedly  they 
were  discovered  and  not  invented.  In  fact,  we  cannot  consider  this  as  a cornerstone 
for  mathematics  - mathematics  was  actually  built  in  a social  environment  and  was 
a product  of  culture,  and  was  fallible  as  any  other  scientific  branch.  Social  con- 
structivism emphasises  social  and  cultural  origins  of  mathematics  and  positions 
the  eligibility  of  mathematical  knowledge  on  its  quasi  empirical  grounds.  It  is 
necessary  to  put  forward  two  presumptions  of  social  constructivism: 

- the  assumption  of  reality:  the  existence  of  solid  physical  world  as  we  are 
told  by  common  sense,  and 

- the  assumption  of  social  reality:  each  discussion  presumes  the  existence  of 
mankind  and  language. 

With  the  presumptions  of  the  existence  of  social  and  physical  reality  we  can 
set  the  principles  of  social  constructivism,  so  that  we  add  to  the  first  two  princi- 
ples, which  are  considered  as  the  basic  principles  of  constractivism,  another  four 
principles: 

- knowledge  is  not  acquired  in  a passive  way,  but  pupils  build  it  actively, 

- the  cognition  function  is  adaptable  and  functions  in  the  organisation  of  the 
world  of  experiences,  and  not  in  discovering  the  ontological  reality. 
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- personal  theories,  which  are  derived  from  the  organisation  of  the  world  of 
experiences,  have  to  match  with  limitations  based  on  physical  and  social 
reality, 

- theories  are  subordinated  to  the  cycle:  theory  - prediction  - test  - failure  - 
adaptation  - new  theory, 

- the  commencement  of  the  socially  agreed  theory  of  the  world,  social  patterns 
and  the  rules  on  the  language  use, 

- mathematics  is  the  theory  of  forms  and  structures  which  is  created  within  a 
language  (Ernest,  1998). 

Mathematical  concepts  are  therefore  created  through  the  abstraction  of  direct 
experience  in  a physical  world,  by  generalisation  and  reflexive  abstraction  of  prior 
established  concepts,  through  searching  for  sense  in  a conversation  with  others  and 
through  different  combination  of  those  methods.  Mathematics  is  a scientific  domain 
and  human  knowledge,  closely  linked  with  others.  Language  ensures  formation 
of  theories  on  social  and  physical  reality,  and  those  are,  through  dialogue  among 
people  and  interaction  with  the  physical  world,  subject  to  improvement  - better 
adaptation  to  limits  put  forward  by  the  physical  and  social  reality.  Mathematics  is 
involved  in  this  advancement,  and  also  the  conformity  of  mathematical  structures  in 
the  areas  outside  mathematics  is  constantly  verified.  Mathematics  therefore  takes 
the  course  of  development  while  solving  practical  social  problems,  and  the  so  called 
unreasonable  efficiency  of  mathematics  is  not  an  accidental  miracle,  but  a result  of 
empirical  and  language  origins  as  well  as  functions  of  mathematics  (Ernest,  1998). 

It  is  necessary  to  underline  that  teaching  mathematics  depends  a lot  on  teach- 
ers, their  convictions  and  their  perception  of  mathematics.  The  perception  of  what 
mathematics  really  is  influences  the  conception  of  how  it  should  be  presented.  The 
way  someone  presents  mathematics  shows  his  opinion  on  what  is  crucial  in  math- 
ematics. The  answer  to  the  question  which  is  the  best  way  of  teaching  is  indeed 
given  in  the  response  to  the  question  what  mathematics  is  all  about  (Hersh,  1986). 

Various  literature  on  teaching  and  learning  mathematics  emphasises  situa- 
tional factors  providing  conditions  for  both,  teachers’  and  pupils’  experiences  in 
the  process  of  education  and  during  mathematical  instruction  (Cole,  1990).  Each 
individual  country  disposes  of  values,  beliefs  and  traditions  of  their  particular  ed- 
ucation system,  which  are  reflected  in  the  adopted  school  system  as  well  as  in  the 
expectations  of  pupils,  teachers,  parents,  school  leadership  and  other  stakeholders. 


When  do  we  know  mathematics 

As  we  have  already  emphasised,  the  answer  to  why  should  we  learn  mathe- 
matics depends  on  the  role  that  mathematics  occupies  in  the  society  and  on  the 
philosophy  of  mathematical  education  itself.  Taking  into  account  the  educational, 
social  and  political  aspect  we  can  divide  reasons  for  mathematical  education  into 
three  groups,  i.e.,  mathematical  education  as  follows: 

- it  contributes  to  the  technological  and  socio-economical  development  of 
wider  social  community. 
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- it  contributes  to  political,  ideological  and  cultural  sustainability  and  devel- 
opment of  society, 

- it  ensures  conditions  for  an  individual  to  better  act  in  various  social  spheres: 
education,  profession,  private  and  social  life  and  as  citizens  in  general  (Niss,  1996). 

While  analysing  the  objectives  of  mathematical  education  as  a reflection  of  so- 
cial need,  we  are  faced  with  troubles  in  detecting  and  identifying  the  actual  impact 
of  mathematical  education  on  those  needs.  Most  researches  done  in  mathematical 
education  are  based  on  the  presumption  that  mathematical  education  contains  cer- 
tain “inner”  values,  having  in  mind  the  significance  that  is  expected  to  be  displayed 
in  a positive  value  of  mathematical  education  guaranteed  by  the  sole  fact  that  we 
deal  with  education  in  the  area  of  mathematics  (Skovsmose,  2006).  Skovsmose 
(2006)  emphasises  this  presumption  as  a provision  that  the  “mathematical  educa- 
tors” can  act  as  “ambassadors”  of  mathematics  and  their  action  is  most  certainly 
directed  towards  general  benefit. 

Anyway,  the  result  of  mathematical  education  is  supposed  to  be  reflected 
in  certain  knowledge  of  mathematics.  What  does  it  really  mean  that  someone 
knows /masters  mathematics?  Instead  of  the  concept  of  mathematical  knowledge 
we  more  often  meet  the  expression  of  mathematical  competences  when  we  want  to 
holistically  present  the  “output  state”  of  an  individual.  Ernest  (2004)  differentiates 
between  “applicability”  and  “relevance”: 

Applicability  signifies  a narrow  conceptual  applicability  which  demonstrates 
itself  immediately  or  in  a short  period  of  time,  without  taking  into  account  the 
wider  context  or  long  term  objectives.  Utilitarian  education  shows  mathematics  as 
a narrow  technical  science,  isolated  from  values  and  social  context. 

Relevance  may  be  seen  as  a relation  among  three  concepts  (S,  I,  G),  where  S 
stands  for  situation,  activity  or  object  to  which  that  relevance  has  been  attached, 
I stands  for  individual  or  group  of  people  who  attach  relevance  to  the  situation  S 
and  G stands  for  goal  personalising  values  of  individuals  or  groups  in  this  case. 
The  object  S is  thus  relevant  if  it  is  considered  as  such  by  an  I at  achieving  the  aim 
G.  Example:  “school  mathematics”  (object  S)  is  following  the  opinion  of  several 
politicians  and  responsible  people  for  education  (group  I)  relevant  because  it  devel- 
ops mathematical  competences  and  skills  necessary  for  technological  professions 
(goalG). 

In  search  for  the  answer  to  the  question  what  does  it  mean  to  know  math- 
ematics Ernest  (2004)  studied  several  different  goals  to  be  achieved  by  teaching 
and  learning  mathematics  as  follows:  utilitarian  knowledge,  practical  knowledge 
linked  with  one’s  job,  expert  knowledge  at  a higher  level,  understanding  mathe- 
matics, mathematical  self-confidence  and  understanding  mathematics  as  a part  of 
culture.  Those  goals  are  not  excluding  each  other  and  are  not  always  necessary 
or  needed  for  all  pupils,  however,  as  a whole  they  represent,  together  with  related 
capabilities  and  abilities,  “mathematical  competencies”. 

Someone  who  mastered  all  those  goals  would  be  mathematically  competent; 
maybe  we  would  then  say  that  someone  knows  mathematics  (Wedege,  2009). 
Wedege  (2009)  presents  utilitarian  knowledge  and  practical  knowledge  linked  with 
occupation  as  the  ability  of  “doing  something”  (know  how),  thus  useful  for  pupils 
and  students  as  future  employees.  Expert  knowledge  at  a higher  level  may  be 
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useful  for  some  people,  for  others  relevant,  whereas  understanding  mathematics  is 
relevant  for  all  (know  that).  Mathematical  self-confidence  and  understanding  of 
mathematics  itself  as  a part  of  culture  represents  affective  and  social  dimension  of 
mathematical  competence. 


Mathematics  in  the  reai  worid 

Modern  teaching  and  learning  of  mathematics  should  be  linked  more  to  every 
day  life.  One  of  the  key  components  is  supposed  to  be  independent  establishment 
of  notions  and  concepts  through  solving  the  problems  of  the  “real”  world  and  thus 
establishing  a “natural”  bond  with  mathematics.  By  creating  models  which  are 
entering  awareness  in  terms  of  mathematised  models  and  at  the  same  time  adapted 
to  the  real  situation  we  encourage  mathematical  thinking.  This  strong  bond  with 
the  real  world  ensures  the  applicability  of  acquired  knowledge,  since  we  discover 
reality  as  a source  and  the  area  of  application.  Children  apply  all  their  specific 
capabilities  in  practice. 

The  model  that  was  created  from  the  context  has  a clear  didactic  significance 
and  means  a lot  to  pupils,  since  it  represents  putting  in  place  the  mathematical  no- 
tion or  concept.  The  example  of  the  model  of  number  line  which  is  upgraded  into 
the  model  of  real  axis,  makes  sense  if  it  is  mastered  by  pupils  as  a representation  of 
natural  numbers  and  integers,  and  later  on  as  a representation  of  rational  in  finally 
real  numbers.  Due  to  the  high  level  oh  abstractness,  although  it  is  a question  of 
quite  clear  graphical  display,  pupils  probably  do  not  understand  it  in  the  initial  years 
of  education  when  they  only  master  the  concept  of  number  as  a quantity.  Teachers 
have  to  be  careful  when  using  models,  since  enforcement  of  illustrations  that  pupils 
do  not  link  with  the  concept  to  represent  it,  is  senseless  or  even  harmful. 

An  adequate  model  is  usually  the  bridge  between  informal  and  formal  know- 
ledge and  encourages  the  process  of  vertical  mathematisation.  Freudenthal  (1991) 
mentions  horizontal  mathematisation  as  the  connection  between  everyday  world 
and  the  world  of  symbols,  whereas  the  vertical  mathematisation  is  supposed  to  be 
“movemenf’  inside  the  world  of  symbols.  He  emphasises  that  there  is  no  sharp 
separation  line  between  the  two  and  that  both,  the  horizontal  and  the  vertical  math- 
ematisation are  important  for  the  development  of  basic  mathematical  notions  and 
concepts  as  well  as  formal  mathematical  languages. 

The  process  of  learning  begins  with  realistic  problem.  Through  activities 
within  horizontal  mathematisation  pupils  build  informal  and  formal  mathematical 
model.  By  solving  problems,  comparing  procedures  of  solving  and  interpreting 
them  pupils  find  themselves  in  the  phase  of  vertical  mathematisation  which  ends 
with  the  problem  solution.  The  interpretation  of  solution  and  the  solving  strategy 
shows  the  application  of  the  acquired  mathematical  knowledge. 

The  model  is  an  important  part  of  pupils’  mathematical  development  as  they 
can  apply  the  same  model  in  various  contexts.  Teachers  have  to  be  all  the  time 
fully  aware  of  the  significance  the  model  has  and  also  of  the  fact  that  all  pupils  do 
not  build  equal  models.  Instruction  should  be  regulated  so  that  it  suits  to  all  the 
pupils  regardless  what  model  they  had  built  for  a particular  mathematical  notion  or 
concept,  only  if  this  model  is  really  in  line  with  mathematical  notion  or  concept. 
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As  only  some  pupils  are  capable  of  abstract  thinking  only  their  models  can  be 
abstract  “enough”.  Those  pupils  are  at  an  adequate  level  of  development,  capable 
of  understanding  the  concept  of  unknowns,  the  letter  signs  for  numbers,  etc.  Pupils 
who  are  not  capable  of  abstraction,  in  fact,  never  know  how  to  “calculate”  with 
letter  signs,  and  they  only  reproduce  individually  trained  procedures.  Because  they 
cannot  find  the  connection  between  the  mathematics,  which  they  know  (master) 
and  the  context  that  they  do  not  understand,  they  can  only  memorise  rules  and 
procedures  that  for  them  have  no  meaning. 

In  case  of  pupils  who  are  capable  of  abstraction  we  can  also  originate  on  real- 
istic problems  which  are  not  directly  linked  to  a material  situation,  as  the  abstract 
world  is  for  them  not  unfamiliar  and  have  an  image  about  it.  A number  of  other 
pupils  can  develop  knowledge  and  capabilities  that  ensure  them  a successful  pro- 
fessional and  personal  growth,  and  of  course,  for  them  the  mathematical  world  is 
always  linked  with  material  illustration. 


Conicusion 

At  the  end  it  is  necessary  to  emphasise  that  qualitative  mathematical  instruction 
is  one  of  the  most  important  factors  influencing  pupils’  achievements  and  know- 
ledge of  mathematics.  If  we  want  to  have  good  instruction,  we  have  to  train  and 
educate  teachers.  It  is  also  crucial  for  professors  of  mathematics  that,  in  order  to 
successfully  develop  pupils’  mathematical  knowledge  and  literacy,  they  urgently 
have  to  understand  mathematics  themselves,  and  here  not  only  ability  of  handling 
mathematical  contents  is  taken  into  consideration.  They  have  to  understand  con- 
cepts and  processes  much  deeper  and  explain  them  logically  by  using  adequate 
mathematical  language  and  examples. 

The  capability  of  a (future)  teacher  to  find  several  representations  of  a cer- 
tain concept  or  content,  and  to  realise  and  clearly  present  the  connections  between 
various  mathematical  presentations  or  conceptions,  is  closely  linked  with  teachers’ 
self-confidence  and  trust  in  his  own  knowledge  of  mathematics.  Positive  experi- 
ences with  mathematics  together  with  adequate  trust  in  one’s  own  knowledge  of 
mathematics  have  a favourable  influence  on  successful  presentations  of  mathemat- 
ical contents  at  the  performances  that  future  mathematical  teachers  have,  as  well  as 
on  the  qualitative  teaching  of  mathematics.  Also  future  professors  of  mathematics 
should  have,  in  the  course  of  their  studies,  an  opportunity  to  understand  mathe- 
matics, and  only  afterwards  concentrate  on  mathematical  didactics.  Many  students 
have  deeply  rooted  preconceptions  on  mathematics  and  its  teaching  and  that  would 
make  it  difficult  for  them  to  perform  teaching  of  mathematics  successfully. 
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Abstract.  The  squared  papers  in  our  booklets,  or  the  squared 
(maybe  black  and  white)  pavements  in  the  streets  arise  an  amusing 
problem:  How  to  deform  the  side  segments  of  the  square  pattern,  so 
that  the  side  lines  further  remain  equal  (congruent)  to  each  other? 
More  precisely,  we  require  that  each  congruent  mapping  of  the  new 
pattern,  mapping  any  deformed  side  segment  onto  another  one,  leaves 
the  whole  (infinitely  extended)  pattern  invariant  (unchanged). 

It  turns  out,  that  there  are  exactly  14  types  of  such  edge  transitive 
( isotoxal)  quadrangle  tilings,  sometimes  with  two  different  forms  (e.g. 
black  and  white)  of  quadrangles.  Such  a collection  of  tilings  seems  to 
be  very  nice,  perhaps  also  useful  for  decorative  pavements  in  streets,  in 
flats,  etc. 

I shall  sketch  the  solution  of  the  problem,  that  leads  to  fine  (and 
important)  mathematical  concepts  (as  barycentric  triangulation  of  a 
polygonal  tiling,  adjacency  (neighbour)  operations,  adjacency  matrix, 
symmetry  group  of  a tiling,  D-symbol,  etc).  All  these  can  be  discussed 
in  an  enjoyable  way,  e.g.  in  a special  mathematical  circle  of  a secondary 
school,  or  in  more  elementary  form  as  visually  attractive  figures  in  a 
primary  school  as  well. 

My  colleague,  Istvan  Prok  [P]  has  an  attractive  computer  program 
on  the  Euclidean  plane  crystallographic  groups  with  a nice  interactive 
play  (for  free  download),  see  our  Figures  3-5. 

A complete  classification  of  such  Euclidean  plane  tilings  (not 
only  with  quadrangles)  seems  to  be  interesting  for  university  students 
as  well,  hopefully  also  for  the  Audience.  This  is  why.  I give  some 
references,  where  you  find  also  further  ones. 


Introduction 

After  a longer  experimental  period,  when  dealing  with  a lot  of  squared  papers, 
the  school  pupils  (students)  will  get  good  and  erroneous  constructions  in  individual 
and  collective  work  as  well.  They  can  conclude  (probably  in  the  second  or  third 
occasion,  step-by-step,  under  direction  of  the  teacher,  as  little  as  possible)  to  the 
following  really  fine  idea  (being  described  now  in  a compact  form  [M94] ) : 
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Our  Figure  1 shows  the  usual  square  tiling  with  its  2-dimensional  face  centres 
indicated  by  small  triangles  A,  with  1 -dimensional  edge  centres  denoted  by  0,  and 
0-dimensional  vertices  o. 

The  opposite  continuous , dashed and  dotted lines,  respectively, 

are  introduced  as  well,  so  that  we  obtain  the  so-called  barycentric  subdivision  of  the 
square  tiling  into  barycentric  triangle  tiling  denoted  by  C.  That  is  important  in  the 
description  of  our  simple  square  tiling  (moreover  of  any  polygonal  tiling,  further- 
more of  any  “topological”  one;  with  corresponding  changes,  of  course  [LMS94]). 

4 barycentric  triangles  (1,  2,  3,  4 in  Figure  1 top  left)  support  to  any  edge 
— from  both  sides.  These  form  the  so  called  edge  domain  VPWQ,  playing  an 
important  role  in  description  of  possible  edge  modifications.  Namely,  an  edge  can 
be  chosen  just  freely  between  the  vertices  V and  W in  VPWQ.  Then  a plane  group 
(as  a rule  of  periodicity)  with  fundamental  domain  (repetitive  unit)  will  tile  the 
whole  square  tiling  with  the  starting  edge  domain,  the  modified  edge  in  it  (see  also 
Fig.  2:  2.3,  2.4,  2.5,  3.2,  3.3,  3.4). 


Figure  1.  The  square  tiling  and  its  barycentric  subdivision.  Edge  domain  VQWP  of  4 
barycentric  triangles.  Symmetries  of  the  edge  domain  by  smaller  fundamental  domains. 
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Figure  2.  The  14  families  of  quadrangle  tilings  with  equal  edges: 

1.  Equal  tiles  with  edge  symmetry;  2.  Equal  tiles  with  vertex  symmetry; 
3.  Non-equal  (black-and-white)  tiles  with  D-dlagrams. 


But  the  modified  edge  can  also  be  symmetric  in  its  midpoint  (right  bottom  of 
Figure  1,  and  in  Figure  2:  1.3,  1.5,).  Or  it  is  symmetric  in  the  side  edge  itself  (left 
bottom  of  Figure  1,  and  Figure  2:  1.2,  1.4).  Here  the  edge  cannot  change,  but  extra 
label  (mark) , in  the  half  edge  domain,  shows  the  situation.  Or  it  is  symmetric  in  the 
midline  of  the  side  (Figure  1 top  right,  and  Figure  2:  2.1,  3.1).  Or  it  is  symmetric 
in  both  of  the  last  mirror  lines  (Figure  1 top  middle,  and  Figure  2:  1.1),  this  is  just 
the  original  square  tiling. 

The  remaining  task  to  solve,  how  to  display  these  edge  domains  in  a regular 

way  (as  formulated  in  the  summary),  so  that  they  form  a ’topological  quadrangle 
tiling’  in  the  plane,  and  to  any  two  new  edges  there  exists  an  isometry  of  the  plane 
that  maps  the  first  edge  onto  the  second  one  and  the  whole  plane  tiling  will  be 
mapped  onto  itself 

To  this  last  step  we  need  the  classification  of  the  17  plane  crystallographic 
groups,  as  the  program  [P]  shows  it,  or  at  least  to  overview  those  possibilities,  how 
the  edge  domain  can  be  a fundamental  domain  (repetitive  unit)  for  a tiling  with 
the  edge  domains  above?  This  task  need  only  finitely  many  side  pairings  of  this 
quadrangle  edge  domain  and  its  parts  above  (Figure  1). 
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That  means,  this  problem  provides  also  a theoretic  benefit  to  overview  some 
plane  crystallographic  groups  (7  from  among  of  17  ones).  This  could  be  an  at- 
tractive experiment  for  an  ambitious  teacher  in  the  special  mathematical  cirle  of  a 
secondary  school,  or  also  of  a primary  one. 

I collected  the  complete  list  of  our  solution:  the  14  types  of  our  “edge  tran- 
sitive” (isotoxal)  quadrangle  tilings  as  illustration  from  [M94],  where  the  more 
general  scientific  problem  on  spatial  cube  tilings  has  also  been  solved.  The  Reader 
finds  also  the  plane  generalization  in  [LMS94]. 


The  solution 

Our  Figure  2 shows  the  14  types  of  edge  transitive  square  tilings  by  two  typical 
tiles  with  the  edge  domains  of  numbered  barycentric  triangles.  We  divided  the  list 
into  3 classes:  1-3. 

Class  1 contains  five  members  1 . 1 - 1 .5  where  the  symmetry  group  of  the  edge 
(i.e.  the  stabilizer  group  of  the  edge  centre)  maps  the  two  adjacent  tiles  to  each 
other. 

Class  2 also  consists  of  five  tilings  2.1  - 2.5  where  we  have  also  equal  tiles  but 
not  by  the  edge  stabilizer. 

Class  3 has  four  surprising  tilings  3.1  - 3.4  with  two  types  (e.g.  black  and 
white)  of  tiles  not  mapped  to  each  other,  in  spite  of  that  all  the  edges  are  mapped 
onto  each  other. 

We  have  indicated  to  each  tiling,  whether  convex  (C),  non-convex  [N)  real- 
ization (sometimes  both  ones,  think  of!)  is  (are)  possible.  Moreover,  you  find  the 
crystallographic  plane  group  to  each  tiling  (7  groups  of  the  17  ones). 


On  D-symbols.  Illustration  with  computer  pictures 

You  find  also  the  very  important  adjacency  diagram  (adjacency  graph)  to  the 
so-called  H-symbol  {D,M)  (for  initiative  of  B.  N.  Delone,  M.  S.  Delaney,  A.  W. 
M.  Dress)  at  class  3 (find  the  other  ones  to  classes  1-2,  please!). 

This  would  be  the  next  level  of  abstraction,  mainly  for  university  students 
or  to  audience  of  a scientific  conference.  Of  course,  this  is  only  to  indicate  an 
important  method  to  research  in  a scientific  level  for  other  tilings  in  the  plane; 
or  - much  more  important  and  with  new  scientific  results  (e.g.  in  [M94])  - in  a 
homogeneous  space  (e.g.  that  of  constant  curvature),  where  many  problems  are 
open  yet. 

To  each  D-diagram  D in  Figure  2:  3. 1 - 3.4  we  consider  the  barycentric  triangle 
subdivision  C (Figure  1)  of  the  square  tiling.  Any  such  triangle  of  the  edge  domain 
(1,  2,  3,  4 at  most)  will  be  indicated  by  a vertex  of  the  diagram  D.  The  dotted 
lines,  now  also  as  CTq  g operation  of  C and  of  D , the  dashed lines  as 
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ai  operation  of  C and  of  D , the  continuous lines  as  02  operation  of  C and 

of  D appears  as  adjacencies  of  the  diagram  D (labelled  or  coloured  edges  of  graph 
D)  just  by  the  common  sides  of  the  barycentric  triangles  in  C. 


Figure  3.  I.  Prok’s  program  provides  a drawing  mode  with  various  colours 
or  black  and  white  pictures,  http : //www . math . bme . hu/ ~prok 


Please  observe  that  the  images  of  the  edge  domains  or  smaller  fundamental 
domains  in  Figure  1 will  also  be  induced  by  this  adjacency  operations. 

That  means  that  the  whole  symmetry  group  denoted  by  F of  the  tiling  will  be 
described  if  we  give  the  (symmetric)  so  called  adjacency  matrix  Junction  M = m,y 
on  diagram  D which  describes  how  many  barycentric  triangles  of  side  i and  j 
(the  half  of  them)  surround  a k-vertex  of  C {i-,j-,k}  = {0, 1,2},  according  to  the 
corresponding  ij-path  in  D.  That  means  that  each  element  (vertex)  of  diagram  D 
describes  the  corresponding  triangle  class  (orbit)  ofC  by  the  symmetry  group  F, 
so  that  F preserves  the  adjacencies  ofC. 


Now  the  adjacency  matrix  function  M is  constant. 


1 4 2 \ 
4 14 

2 4 1/ 


for  each  element  of  D and  of  C,  because  of  the  square  tiling  or  quadrangle  tiling, 
where  4 quadrangles  meet  at  each  vertex. 

Consider  e.g.  Figure  2:3.3  with  its  picture  and  its  diagram,  where  the  adjacency 
operations  can  be  given  by  involutive  (involutory)  permutations  (in  general)  as  now 
follows 


ao  : (12)  (34);  a\  : (1)(2)(34)  as  the  loops  show  it  at  vertex  1 and  2; 
(72  : (14)(23). 
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Now  (aiCTo)  at  the  tile  centres  (2-centres)  of  triangles  1,  2 in  C shows  the  di- 
hedral corner  for  F,  (ai  ao)  at  tile  centres  of  triangles  3,  4 in  C shows  the  4-rotation 
in  r by  matrix  entries  moi  = m\Q  = 4 (please  check  them  carefully!).  The  (a2(7i) 
composition  (always  in  opposite  order  by  our  convention  now)  provides  the  line 
reflection  at  the  common  triangle  vertices  (0-centres)  of  triangles  1,  2,  3,  4 in  C, 
again  by  matrix  entries  mi2  = m2i  = 4 (check  it,  please!).  The  (a2cro)  composi- 
tion provides  the  trivial  stabilizer  in  F at  the  edge  centre  (1 -centres,  1 -vertices)  of 
triangles  1,  2,  3,  4 in  C by  matrix  entries  mo2  = ^20  = 2.  Thus  the  edge  domain 
serves  as  n fundamental  domain  for  the  plane  group  p4g,  indeed.  This  procedure 
can  be  algorithmized  and  computerized  as  well  (e.g.  as  in  our  paper  [DHM93]). 

Another  edge  transitive  tiling  to  F =p4g  is  pictured  by  computer  [P]  in  Figure 
3 (also  by 

Figure  2:  2.1)  where  we  have  drawn  an  edge  motif  into  a fundamental  domain 
of  the  coloured  picture  can  be  very  attractive  and  amusing. 

This  method  is  general,  we  can  draw  all  the  14  types  by  this  strategy,  and  also 
the  other  Euclidean  isotoxal  tilings  as  well  [LMS94]. 


Figure  4.  Black  and  white  pattern  by  the  former  plane  group  p4gm  no.  12. 


Finally,  you  see  two  (not  too  nice)  black  and  white  computer  illustrations  by 
the  author 

(Figure  4-5).  The  first  picture  is  drawn  just  by  the  former  pattern  by  the  group 
g g g F =p4g  (Figured). 

The  second  one  is  by  the  group  pgg  (find  it  also  in  Figure  2 please!). 


Nice  tilings,  nice  mathematics!?! 
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Figure  5.  Pattern  by  plane  group  p2gg  no.  8. 


You  can  continue  drawing!!! 

I thank  my  colleague  Dr.  Jeno  Szirmai  for  his  help  in  preparing  the  manuscript. 
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Abstract.  Already  in  the  eighties  of  the  last  century  it  has  been 
recognized  that  “vre  are  on  the  threshold  of  a revolution  in  mathematics 
— how  we  think  about  it,  how  we  practice  it,  and  how  we  learn  it. 
The  revolution  centers  on  the  computer  as  a mathematical  tool.  Ai 
in  every  revolution,  people  are  taking  sides  — some  would  like  to 
see  a complete  exploration  of  the  computer’s  role  in  human  mathe- 
matics, while  others  feel  that  using  a computer  in  math  is  cheating” 
[ 12  ].  “Despite  the  availability  of  hardware  and  software,  mathematics 
staff  in  a technology -rich  secondary  school  rarely  used  computers  in 
their  teaching”  [15].  We  are  presenting  some  of  reasons  for  this 
phenomenon.  We  are  also  aware  that  “mathematical  developments  lay 
at  the  heart  of  recent  advances  in  engineering,  biomedical  science, 
commerce,  and  information  technology.  Students  in  these  areas  need 
mathematical  education  but  their  backgrounds,  abilities  and  attitudes 
vary  widely  ” [8] . We  are  introducing  some  resources  that  are  available 
on  the  Internet  and  could  enhance  teaching  mathematics.  “Since  the 
World  Wide  Web  is  becoming  wider  at  an  increasing  rate,  it  is  virtually 
impossible  to  take  any  kind  of  accurate  snapshot  of  the  state  of  its 
development”  [7].  We  are  presenting  methodology  for  selection  by 
defining  criteria  and  selection  method  to  choose  the  best  appropriate. 
Those  criteria  ensure  better  accomplishment  of  learning  objectives  and 
avoiding  risks  of  giving  up  from  using  resources  because  they  are 
not  appropriate  for  teachers  by  being  either  too  complicated  or  time 
consuming  to  use. 

Keywords:  teaching  mathematics,  teaching  with  technology,  de- 
cision making,  mathematics 


Introduction 

Internet  and  technology  have  offered  new  teaching  materials,  software  and 
other  resources  that  can  be  implemented  in  schools  to  enhance  students’  learning 
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and  performance.  It  has  been  debated  if  technology,  in  general,  is  enhancing  edu- 
cational process  in  sense  of  ensuring  better  accomplishment  of  learning  objectives. 
We  are  presenting  just  some  of  argument  for  and  against  using  the  technology. 
Some  of  arguments  for  usage  are  better  engagement  of  student  in  learning,  stimu- 
lated cognitive  grow  and  performance,  better  identification  of  student’s  weaknesses 
in  content  area,  computers  and  internet  allow  teaching  at  the  moment  with  many 
information  than  adhere  prepared  lesson.  Arguments  against  usage  are  need  of 
change  of  teaching  style  to  fit  some  technological  device  and  open  question  about 
methodological  approach  that  can  insure  improved  students  achievement. 

The  role  of  technology  can  be  summarized  National  Research  Council’s  state- 
ment “The  process  of  using  technology  to  improve  learning  is  never  solely  a 
technical  matter,  concerned  only  with  the  properties  of  educational  hardware  and 
software.  Like  a text  book  or  any  other  cultural  object,  technology  resources  for 
education  function  in  a social  environment,  mediated  by  learning  conversations 
with  peers  and  teachers”  [2] . 

In  professional  literature  has  been  recognized  that  use  of  technology  doesn’t 
increase  success  of  teaching  process  by  itself  [1].  Preparation  with  using  technol- 
ogy consumes  much  more  effort  and  time  then  classical  preparation.  Benefits  of 
involving  such  effort  are  not  obvious,  and  rarely  adequately  recognized  in  work- 
ing or  wider  community.  Mostly,  motive  to  give  such  effort  is  teachers’  inner 
motivation  driven  by  enthusiasm  of  preparing  for  better  future  or  just  looking  for 
self-fulfillment. 

Educational  science  and  practice,  e.g.  [9], [11], [12], [15]  recognized  great  tech- 
nological change  of  the  world.  With  that  change  of  world  they  recognize  urgent 
need  of  change  of  methodological  approach  in  teaching  mathematics.  Educational 
process  should  be  more  focused  on  acquiring  permanent  and  useful  knowledge, 
skills  and  abilities.  Involving  technology  can  make  process  of  teaching  mathemat- 
ics modern.  Using  technology  can  save  time  on  operational  part  of  teaching  process. 
Saved  time  can  be  spent  on  explaining  basic  ideas  in  mathematics  (basic  know- 
ledge), discussions  and  creative  mathematical  thinking  (reflective  knowledge). 

It  has  also  been  recognized  that  technology  doesn’t  necessary  mean  better 
education.  Some  possible  negative  effect  on  students,  could  be  fall  of  persistence, 
patience,  accuracy  and  concentration  - what  teachers  usually  believe  that  mathe- 
matics give  to  their  students.  Technology  and  on-line  teaching  applications  can 
also  have  great  problem:  be  very  interesting  and  time  consuming  but  with  small 
educational  benefit. 

By  being  aware  and  giving  relatively  small  effort  probability  that  those  prob- 
lems happen  can  be  significantly  reduced.  There  is  something  new  that  arise  with 
use  of  technology.  It  can’t  be  called  problem,  maybe  possibility  or  question:  “What 
is  main  question  for  our  mathematical  subjects:  “why”  or  “what  if”.  Answering 
this  question  can  give  us  should  we  or  maybe  must  we  use  technology  in  education. 

In  our  paper  we  present  method  for  selection  software  in  course  Selected 
chapters  of  mathematics.  We  present  decision  criteria  and  selection  method. 
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Decision  theory 

Decision  about  using  technology  can  have  large  influence  on  teaching  and 
learning  process.  Using  new  technology,  software,  hardware  or  just  available 
on-line  materials  introduce  threats  and  opportunities,  has  their  own  strengths  and 
weaknesses.  In  this  part  we  are  introducing  method  for  recognizing  those  aspects 
in  software  selection  process. 

Teaching  process  is  dynamic  process.  Before  taking  teaching  actions,  teacher 
should  think  if  action  will  produce  desired  goal.  In  the  decision  process  he  or  she 
should  take  new  information  if  available  and  be  open  for  feedback.  Teachers  de- 
cide about  those  actions  generally  based  on  their  creativity,  experience  or  intuition. 
Some  actions  influence  achieving  course  objectives  and  can  be  called  strategic. 
Decisions  about  those  actions  shouldn’t  be  made  only  on  those  principles.  Sys- 
tematic analytical  approach  should  also  be  used.  There  are  different  approaches 
and  systematic  methods  of  mathematical  models  that  characterize  the  problem  and 
argue  the  decision.  In  the  systematic  approach  lies  the  difference  between  good  and 
bad  decisions.  In  fact,  a good  decision  will  be  one  that  uses  a quantitative  approach, 
based  on  logic,  taking  into  account  all  the  available  input  data  and  possible  alter- 
natives. The  omission  of  some  alternatives,  which  may  even  be  very  insignificant, 
can  lead  to  the  wrong  choice.  It  is  known  that  sometimes  a good  decision  can  result 
in  unexpected  outcomes  but  in  general  analytical  approach  in  decision  making  is 
better  than  one  done  just  on  intuition.  One  of  strategic  decisions  is  decision  on 
need  of  use  teaching  software  and  selection  the  best  appropriate  if  needed. 

Decision  theory  studies  decision-making  processes  in  a systematic  and  ana- 
lytical way.  The  environment  in  which  decision  can  be  taken  may  be  more  or  less 
deterministic  and  uncertain,  and  therefore  the  decisions  we  make  in  terms  of  cer- 
tainty, or  conditions  of  risk  or  uncertainty.  Although,  we  can’t  be  totally  sure  what 
will  be  results  of  our  actions  our  decision  making  problem  can  be  characterized  as 
one  in  terms  of  certainty.  Decision  maker  should  also  be  aware  that  there  are  times 
when  a decision  an  isolated  one-time  decision,  but  rather  as  the  first  in  a series  of 
sequential  decisions  that  are  interconnected  in  some  future  time  intervals. 

In  this  paper  we  decided  to  use  the  Analytic  Hierarchy  Process  (AHP)  tech- 
nique for  multi  criteria  decision  making.  The  procedure  for  using  the  AHP  can  be 
summarized  as: 

1 . Model  the  problem  as  a hierarchy  containing  the  decision  goal,  the  alterna- 
tives for  reaching  it,  and  the  criteria  for  evaluating  the  alternatives. 

2.  Establish  priorities  among  the  elements  of  the  hierarchy  by  making  a series 
of  judgments  based  on  pairwise  comparisons  of  the  elements. 

3.  Synthesize  these  judgments  to  yield  a set  of  overall  priorities  for  the  hierar- 
chy. 

4.  Check  the  consistency  of  the  judgments. 

5.  Come  to  a final  decision  based  on  the  results  of  this  process  [16]. 

There  are  different  commercially  available  or  free  software  tools  that  were 
developed  for  the  analysis  of  multi  criteria  decision  making  using  pairwise  com- 
parisons such  as  Expert  Choice,  Decision  Lab,  D-Sight,  ERGO,  MakeltRational 
and  various  other  tools.  Our  calculations  were  made  in  Expert  Choice. 
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Educational  software 

Educational  software  is  software  whose  primary  purpose  is  in  teaching  and 
learning.  Four  different  software  packages  were  in  final  consideration  for  use  in 
course  Selected  Chapters  of  Mathematics.  We  describe  some  of  properties  of  the 
software. 

GeoGebra  is  teaching  and  learning  tool  that  integrates  geometry,  algebra  and 
calculus.  It  is  a cross-platform  application  written  in  Java  and  can  serve  for  devel- 
opment of  instructional  materials  in  mathematics  in  many  different  forms,  types  and 
styles,  and  for  all  levels  of  mathematical  education.  GeoGebra  has  a built-in  Carte- 
sian coordinate  system  and  can  accept  geometric  commands  (drawing  points,  lines, 
vectors,  perpendicular  line,  angle  bisector,. . . ) and  algebraic  commands  (pairs  of 
coordinates,  equation  of  a curve,  function,. . . ).  This  double  representation,  the 
geometric  and  the  algebraic,  is  one  of  the  greatest  advantages  of  GeoGebra.  Mov- 
ing the  objects  in  the  Geometry  window  changes  the  expressions  in  the  Algebra 
window  accordingly  and  vice-versa,  editing  the  expressions  in  the  Algebra  window 
results  in  the  respective  change  in  the  Geometry  window.  Moreover,  with  a Spread- 
sheet window,  which  is  also  dynamically  connected  with  Geometry  and  Algebra 
window,  GeoGebra  is  ready  for  statistics  commands  and  charts  [10]. 

Mathematica  is  most  widely  used,  complete  and  currently  the  most  powerful 
advanced  computer  algebra  system.  Mathematica  computations  can  be  divided 
into  three  main  classes:  numerical,  symbolic  and  graphical.  Unlike  the  usual  pro- 
gramming languages  such  as  C and  C-f- f,  it  is  not  restricted  to  a small  number  of 
data  types.  It  uses  symbolic  expressions  to  provide  a very  general  representation 
of  mathematical  and  other  structures.  Mathematica  has  a large  number  of  built-in 
functions,  but  also  includes  own  powerful  programming  language  which  supports 
several  programming  styles  including: 

• Procedural  programming  with  block  structure,  conditionals,  iterations  and 
recursion 

• Functional  programming  with  pure  functions  and  functional  operators 

• Rule-based  programming  with  pattern  matching  and  object  orientation 

The  biggest  disadvantage  of  Mathematica  is  price  because  it  is  to  expensive 
for  average  users  [18]. 

Maxima  is  a powerful  computer  algebra  system  written  in  Fisp  programming 
language  which  combines  symbolic,  numerical  and  graphical  abilities.  It  is  a free 
and  open  source  program  which  is  being  continuously  improved  by  a team  of  volun- 
teers. Compared  with  Mathematica,  Maxima  has  more  basic  and  simpler  interface, 
but  has  big  advantage  in  price.  Currently,  two  most  popular  interfaces  for  Maxima 
are  wxMaxima  and  XMaxima.  For  new  users  is  the  best  to  start  with  wxMaxima 
interface  because  it  has  convenient  icons  which  help  locate  Maxima  functions  for 
common  tasks.  Through  menus  and  buttons  in  wxMaxima  new  users  gradually 
learn  basic  Maxima  syntax.  Also,  wxMaxima  implements  its  own  math  display 
engine  to  nicely  display  Maxima  output.  XMaxima  is  more  lightweight  interface 
with  very  small  number  of  menu  commands  than  wxMaxima,  but  it  is  more  stable. 
Therefore,  experienced  users  rather  use  XMaxima  interface  because  they  already 
know  Maxima  syntax  and  it  is  faster  to  them  just  type  the  name  of  command  than 
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to  search  particular  Maxima  command  in  menus  (if  it  is  in  menu  at  all) . XMaxima 
is  also  a faster  environment  for  testing  and  playing  with  code  ideas  than  wxMaxima 
[13],  [14], 

SAGE  is  an  open  source  mathematics  computing  environment  written  in  very 
powerful  and  popular  Python  programming  language.  Most  mathematics  comput- 
ing environments  contain  some  kind  of  mathematics-  oriented  high-level  program- 
ming language.  Some  of  these  mathematics-oriented  programming  languages  were 
created  specifically  for  the  environment  they  work  in  while  SAGE  is  built  around  an 
existing  Python  programming  language.  This  means  that  expert  Python  program- 
mers are  also  expert  SAGE  users.  Beginners  must  first  learn  Python  to  being  able 
solving  problems  with  SAGS  because  SAGE  is  just  powerful  mathematics  extension 
of  Python.  While  most  mathematics  computing  environments  are  self-contained 
entities,  SAGE  takes  the  umbrella-like  approach  of  providing  some  algorithms  itself 
and  some  by  wrapping  around  other  mathematics  computing  environments  {Max- 
ima, GAP,  BLAS,  LAPACK,  mathematics  Python  packages,  etc.).  SAGE  is  built 
out  of  nearly  100  open  source  programs  and  can  be  used  to  study  elementary  and 
advanced,  pure  and  applied  mathematics  like  basic  and  advanced  algebra,  calculus, 
elementary  and  advanced  number  theory,  cryptography,  numerical  computation, 
group  theory,  combinatorics,  graph  theory,  linear  algebra,  etc.  SAGE  interface  is  a 
notebook  in  a web  browser  or  the  command  line.  With  notebook  interface,  SAGE 
can  connect  to  locally  installation  of  SAGE  on  hard  disc  or  to  a SAGE  server  on  the 
network.  SAGE  server  on  network  is  great  tool  for  windows  users  because  SAGE 
native  port  is  Linux.  Windows  users  must  install  virtual  machine  if  they  want  run 
Linux  and  SAGE  locally  on  Windows.  SAGE  currently  works  best  with  the  Firefox 
web  browser  [17]. 


Case  study:  selection  of  educational  software 

In  this  part  we  present  our  decision  making  process  of  selection  educational 
software. 

A.  Decision  goal,  the  alternatives  and  the  criteria 

Course  Selected  chapters  of  mathematics  is  course  in  second  year  of  pregrad- 
uate study  of  informatics.  Using  technology  is  expected  for  all  courses  so  there  is 
now  need  of  decision  if  it’s  needed  or  not.  Decision  goal  is  to  select  best  appropri- 
ate software  to  accomplish  course  objectives.  In  section  Educational  software  we 
presented  four  alternatives  that  are  considerable  for  use.  Criteria  for  selection  are 
Mastering  Software  by  Teacher,  Mastering  Software  by  Students,  Price,  Covering 
Syllabus,  Available  Materials  and  User  Help. 

B.  Establishing  priorities  among  the  elements 

Figure  1 . Hierarchical  structure  of  decision  problem  shows  hierarchical  struc- 
ture of  our  problem. 

Figure  2.  shows  pairwise  comparisons  of  importance  of  each  of  criteria.  Pair- 
wise comparisons  are  done  by  1-9  scale  recommended  by  AHP  methodology.  Final 
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rating  of  our  criteria  are:  Price  (34,  8%),  Covering  Syllabus  (32,  5%),  Mastering 
Software  by  Teacher  (12, 9%),  Mastering  Software  by  Students  (9, 0%),  Available 
Materials  (6, 5%),  User  Help  (4, 2%). 


GOAL 


Selection  of  best  appropriate  Software 


CRITERIA 


Mastering  Software 

Mastering  Software 

Price 

Covering 

Available 

User 

by  Teacher 

by  Students 

Syllabus 

Materials 

Help 

ALTERNATIVES 


Figure  1.  Hierarchical  structure  of  decision  problem. 


Figure  2.  Pairwise  comperisons  of  criteria  . 

Similar  method  was  used  to  pairwise  comparison  of  alternatives  according  to 
every  criteria. 

C.  Overall  priorities  and  consistency 

Gathering  all  comparisons  we  can  conclude  that  SAGE  is  best  appropriate 
software  for  use  in  course  Selected  chapters  of  mathematics.  In  Table  1.  Overall 
priorities  in  decision  process  is  shown  rating  of  every  alternative  according  to  every 
criteria.  All  comparisons  were  checked  on  consistency.  Consistency  ration  on  every 
comparison  table  were  less  then  0,10  what  is  acceptable  by  AHP  methodology. 
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Mastering 
Software 
by  Teacher 

Mastering 
Software 
by  Students 

Price 

Covering 

Syllabus 

Available 

Materials 

User 

Help 

Overall 

points 

Weights 

12,9% 

9,0% 

34,8% 

32,5% 

6,5% 

4,2% 

SAGE 

0,124 

0,218 

0,320 

0,293 

0,362 

0,236 

0,275 

Mathematica 

0,319 

0,078 

0,040 

0,477 

0,375 

0,472 

0,265 

Maxima 

0,074 

0,149 

0,320 

0,186 

0,165 

0,106 

0,207 

GeoGebra 

0,484 

0,555 

0,320 

0,044 

0,098 

0,186 

0,253 

Tablica  1.  Overall  priorities  in  decision  process. 


D.  Final  decision 

Using  AHP  methodology  for  multi  criteria  decision  making  we  can  conclude 
that  SAGE  is  the  most  appropriate  software  for  use  in  course  Selected  Chapters  of 
Mathematics.  Some  of  top  advantages  of  SAGE  are  price,  available  materials  and 
coverage  of  syllabus.  Although,  comparing  to  other  software  SAGE  is  just  best  in 
price,  and  in  every  other  criteria  there  is  one  or  even  two  alternatives  better.  For  ex- 
ample, Mathematica  is  better  in  Covering  syllabus.  Available  Materials,  User  Help 
but  it  is  commercial  software  relatively  difficult  to  earn  for  students.  Teachers  are 
more  familiar  with  Mathematica  while  they  graduated  mathematics,  but  that  isn’t 
reason  good  enough  to  make  it  obligatory  for  students  of  informatics.  GeoGebra, 
even  free  and  easy  to  learn  is  not  covering  course  program  good  enough  to  be  the 
best  choice. 


Conslusion 

Technology  has  enlarged  opportunities  to  enhance  mathematics  teaching. 
There  are  some  positive  and  negative  aspects  of  using  technology.  Preparation 
for  use  of  technology  in  teaching  consumes  more  time.  This  effort  doesn’t  pro- 
duce tangible  results  in  short  time  period  so  it’s  not  recognized  in  community  as  it 
should  be.  Usage  of  technology  opens  new  perspective  on  mathematics  teaching 
methodology.  Because  of  change  of  world,  in  some  aspects,  it  becomes  neces- 
sary to  accomplish  learning  objectives.  In  our  paper  we  have  shown  application 
of  AHP,  multi  criteria  decision  methodology,  as  possibility  for  best  appropriate 
software  selection  methodology.  In  decision  process  we  used  six  criteria  and  four 
alternatives. 
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Abstract.  In  recent  years  the  need  for  introducing  information 
and  communication  technology  into  the  teaching  process  has  posed 
one  of  the  unavoidable  changes  in  the  educational  system.  Present 
generation  of  students  are  so  proficient  in  usage  of  the  information  and 
communication  technologies  in  their  daily  lives,  that  this  change  in 
the  educational  system  can  not  be  viewed  as  an  investment  in  a better 
future,  but  as  a necessity  in  order  to  keep  pace  with  technology  and 
students.  Considering  the  integration  of  ICT  in  teaching  mathematics,  it 
is  clear  that  the  replacement  of  board  and  chalk  with  digital  presentation 
material  does  not  cover  all  the  aspects  that  technology  and  mathematics 
can  improve  when  working  hand  in  hand. 

One  of  the  important  prerequisites  for  quality  integration  of  ICT  in 
teaching  mathematics  is  the  teacher’s  personality,  i.e.  his  knowledge, 
willingness  and  desire  to  improve  his  lessons  bringing  mathematics 
closer  to  the  present  generations  of  pupils. 

The  aim  of  this  paper  was  to  investigate  the  readiness  of  the 
future  mathematics  teachers  at  the  elementary  and  high  school  levels  to 
integrate  ICT  into  their  teaching  of  mathematics.  Factors  influencing 
described  readiness  that  are  considered  in  this  paper  are  teacher’s 
university  education  and  initiative  with  regard  to  personal  digital 
competence  and  infrastructure. 

We  conducted  the  survey  research  on  the  samples  of  individuals 
from  the  population  of  students  enrolled  in  final  years  of  a five-year 
Master  of  Arts  in  Teaching  Primary  Education  programme  at  the 
Faculty  of  Teacher  Education  in  Osijek,  Croatia  {n  = 196),  and  Master 
of  Arts  in  Teaching  Mathematics  and  Computer  Science  programme  at 
the  Department  of  Mathematics  in  Osijek,  Croatia  {n  = 36).  The  ob- 
tained results  indicate  that  identified  aspects  have  impact  on  considered 
readiness  and  that  teacher’s  university  education  causes  the  differences 
in  the  attitudes  towards  his  digital  competencies  necessary  for  quality 
integration  of  ICT  in  mathematics  lessons. 

Keywords:  teaching  mathematics,  ICT  integration,  teacher’s  uni- 
versity education,  teacher’s  initiative,  digital  competences 
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Introduction 

Information  and  Communication  Technology  (abbreviation:  ICT)  has  changed 
our  daily  activities  in  many  ways.  Since  these  changes  are  evident  amongst  younger 
members  of  our  society,  they  are  evident  on  primary  and  secondary  schools’  stu- 
dents. Considering  that  ICT  plays  an  increasingly  important  role  in  society,  espe- 
cially if  we  take  into  account  social,  economic  and  cultural  role  of  computers  and 
the  Internet,  it  is  clear  that  the  time  has  come  for  the  actual  entry  of  ICT  in  the 
field  of  education.  The  combination  of  ICT  and  the  Internet  certainly  opens  many 
opportunities  for  creativity  and  innovation,  but  also  for  approaching  the  teaching 
material  to  current  generation  of  students. 

Since  some  authors  even  in  year  1980  predicted  that  till  year  2000  the  main 
methods  of  teaching  will  include  the  application  of  computers  at  all  levels  and  in 
all  areas  (Bork,  1980),  we  can  conclude  that  even  30  years  ago  the  application  of 
ICT  in  teaching  was  the  subject  of  study  and  research. 

Visualisation  of  teaching  materials  facilitates  understanding  in  mathematics 
and  the  use  of  ICT  tools  facilitates  appointed  visualisation  process.  Therefore  this 
paper  deals  with  the  introduction  of  ICT  in  the  teaching  mathematics. 

The  future  of  the  ICT  integration  into  the  teaching  mathematics  definitely  de- 
pends on  future  generations  of  mathematics  teachers  who  are:  (i)  teaching  primary 
education  students  who  will  teach  mathematics  in  the  lower  grades  of  primary 
education,  (ii)  teaching  mathematics  students  who  will  teach  mathematics  in  the 
upper  grades  of  primary  education  and  in  all  grades  of  secondary  education.  For 
that  reason  this  survey  research  is  conducted  on  the  sample  of  individuals  from 
these  two  populations  of  students. 

We  assumed  that  university  education  is  causing  the  difference  in  attitudes 
towards  self-  initiatives  focused  on  digital  competences  and  infrastructure.  Ac- 
cordingly, in  this  study  the  direction  of  that  influence  is  investigated.  Furthermore, 
we  investigated  how  a university  education,  and  described  self-initiatives  affect  the 
willingness  of  teachers  to  use  ICT  in  teaching  mathematics. 

The  term  competence  involves  the  knowledge,  skills  and  attitudes  required  for 
performing  a job.  Special  types  of  competences  are  digital  competences  that  com- 
prise safe  and  critical  use  of  ICT  in  work,  leisure  and  communication  (MarLetic, 
2010).  Core  digital  competences  include  using  the  multimedia  technology  to  lo- 
cate, access,  storage,  produce,  present  and  exchange  of  information  and  also  to 
communicate  and  participate  in  the  Internet  network  (Ala-Mutka,  2008).  As  a final 
conclusion  about  digital  competences,  we  can  say  that  digital  competences  include 
reliable  and  critical  use  of  ICT  for  employment,  learning,  self-development  and 
participation  in  society  (MarLetic,  2010). 


Study  framework 

Way  that  young  teachers  can  contribute  their  knowledge  about  different  forms 
of  ICT  use,  the  Swedish  associate  professor  at  Linkdping  University,  Sven  Ander- 
sson,  explored.  The  survey  was  conducted  in  Swedish  elementary  schools,  and  as 
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a final  conclusion  regarding  to  the  application  of  ICT  in  their  work,  teachers  have 
found  that  new  technologies  improve  their  attitude  toward  finding  the  knowledge 
to  develop  their  own  competences,  finding  teaching  materials  and  methodological 
ideas  and  the  relationship  between  student  and  colleagues.  Improving  their  digital 
competences  gave  them  the  idea  and  inspiration  for  the  development  of  teaching 
methods,  their  own  knowledge  of  computers  or,  a starting  point  for  the  upcoming 
ICT  activities  in  schools  (Andresson,  2006). 

A study  conducted  by  Sang,  Valcke,  van  Braak  and  Tondeur  shows  the  influ- 
ence of  gender,  constructivism  beliefs,  self-efficacy  in  teaching,  self-  efficacy  in  the 
use  of  computers  and  attitude  about  computers.  The  study  was  conducted  on  727 
students  of  a Chinese  university.  The  results  showed  that  the  potential  integration 
of  ICT  is  in  correlation  with  all  these  variables,  except  gender  (Sang,  2010). 

The  paper  by  Drent  and  Mellissen  discusses  the  influences  that  stimulate  or 
limit  the  innovative  use  of  ICT  by  teachers  in  the  Netherlands.  Some  of  the  factors 
that  were  studied  are:  pedagogical  approach,  ICT  competences  and  personal  en- 
trepreneurs. The  results  showed  that  all  these  factors  have  an  impact  on  innovation 
in  the  use  of  ICT.  The  authors  conclude  that  the  ICT  competences  are  requirement 
for  the  use  of  ICT  in  teaching,  but  that  the  innovative  use  of  ICT  is  affected  by 
other  factors  (Drent,  2008). 

In  the  area  of  Flanders  (Belgium),  unlike  Great  Britain  and  Canada,  ICT  com- 
petences are  not  included  in  the  national  curriculum,  just  the  guidelines  for  schools 
to  focus  innovative  educational  processes  in  the  process  of  integration  of  ICT  into 
teaching  are  given.  This  study  explores  how,  the  school  in  general  and  teachers 
personally,  conduct  the  new  expectations  arising  from  these  guidelines.  Specifi- 
cally, it  examines  the  ICT  competences  that  teachers  currently  adopted  (for  actual 
use  in  teaching),  and  which  competences  they  intend  to  adopt  in  the  future  (prefer 
using  them).  Research  has  shown  that  the  majority  of  teachers  is  familiar  with  the 
concept  of  ICT,  but  still  2.6%  of  respondents  has  never  use  a computer,  either  in 
class  or  preparing  for  teaching.  Of  the  total  number  of  hours  per  week  spent  at  the 
computer,  most  of  them  is  related  to  professional  help,  then  leisure  and  finally  at 
teaching.  The  main  result  of  research  shows  that  teachers  in  the  primary  education 
tend  to  increase  and  expand  their  ICT  competences  (Tondeur,  2007). 


Model,  sample,  data 

The  inception  of  this  survey  research  is  marked  with  the  discussion  about  as- 
pects of  some  issues  influencing  teachers’  readiness  to  integrate  ICT  in  teaching 
mathematics.  It  resulted  in  establishing  model  of  situation  (Figure  I)  and  designing 
survey  for  collecting  data  about  the  populations  of  interest. 

Teacher’s  self-initiatives  taken  with  purpose  of  quality  integration  of  ICT  in 
teaching  mathematics  were  analyzed  with  respect  to  personal  digital  competence 
and  infrastructure  of  teacher  himself.  Digital  competences  were  deliberated  in 
terms  of  acquiring,  holding,  developing  and  updating,  and  categorized  as  core  and 
special.  Holding  core  digital  competences  were  analyzed  through  possessing  know- 
ledge in  following:  fundamental  components  of  computer,  basic  Internet  terms. 
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using  electronic  mail,  creating  digital  textual  and  presentational  materials,  creating 
spreadsheets,  drawing  and  image  processing,  creating  and  publishing  web-sites, 
and  using  Internet  as  additional  source  of  information  necessary  for  creating  teach- 
ing materials.  Further,  holding  special  digital  competences  were  analyzed  through 
possessing  knowledge  and  skills  in  using  some  specialized  ICT  tools  appropriate 
for  integrating  in  mathematics  lessons,  such  as  IT  board  and  educational  mathemat- 
ics software.  Specific  attention  was  assigned  to  the  existence  of  awareness  about 
necessity  of  constant  developing  and  updating  of  digital  competences.  Teacher’s 
personal  ICT  equipment  is  modelled  by  model  variable  digital  infrastructure. 


/ X 

' TEACHER’S  INITIATTV’ES 

TTS'RTRSITYEDUCATION 

Digital  competences  II 

1 , . , , . , Digital  mfrasmictuxe 

1 (core,  special,  updatmg)  1 I 

V J \ J 


TEACHER 

AND 

THE  INTEGRATION  OF  ICT 

IN  TEACHING 

\ 

/ 

Figure  1.  Konceptualni  model 

Method  for  data  collecting  employed  in  this  research  is  an  online  survey.  Data 
are  obtained  from  the  samples  of  individuals  from  the  population  of  students  en- 
rolled in  final  years  of  a five-year  Master  of  Arts  in  Teaching  Primary  Education 
programme  at  the  Faculty  of  Teacher  Education  in  Osijek,  Croatia  {n  = 196), 
and  Master  of  Arts  in  Teaching  Mathematics  and  Computer  Science  programme 
at  the  Department  of  Mathematics  in  Osijek,  Croatia  (n  = 36).  232  responses 
were  recorded  from  November  2010  till  January  2011  from  the  sample  of  individ- 
uals from  the  populations  of  interest.  Sample  structure  is  depicted  in  table  below 
(Table  1). 


Feature 

Category 

Frequency 

Relative  frequency  (%) 

STUDY 

PROGRAMME 

Teaching  primary  education 

196 

84,48 

Teaching  mathematics 

36 

15,52 

Table  1.  Sample  structure 

Responds  collected  from  the  sample  of  individuals  are  discrete  quantitative 
data  that  were  recorded  on  meaningful  integer  numerical  scale  from  1 to  5.  They 
label  a grade  given  to  certain  statement,  where  1 stands  for  “I  totally  disagree”  and 
5 stands  for  “I  completely  agree”. 

In  table  below  (Table  2)  statistical  distribution  of  variables  of  interest,  that 
model  aspects  of  teacher’s  self-initiatives  with  respect  to  personal  digital  compe- 
tences and  infrastructure,  is  described. 
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Considered  feature 

Relative  frequencies  of  evaluation 

Descriptive  statistics 
of  sample 

1 

2 

3 

4 

5 

Mean 

Standard 

deviation 

Core  digital 
competences 

0, 006705 

0, 021073 

0, 068966 

0, 144636 

0,758621 

4, 627395 

0,  760839 

Special  digital 
competences 

0,281609 

0, 100575 

0,21408 

0,217672 

0, 186063 

2, 926006 

1,478185 

Constant  updating  of 
digital  competences 

0,018103 

0,  064655 

0, 244828 

0,  326724 

0,  34569 

3,917241 

1,003039 

tCT 

infrastructure 

0, 006466 

0,  036638 

0, 090517 

0, 19181 

0,674569 

4,491379 

0,  854369 

Table  2.  Statistical  distribution  of  variables  of  interest 


Methodology 

After  obtaining  data  about  variables  of  interest  from  the  sample  of  individuals, 
we  performed  statistical  analysis  directed  to  estimation  of  population  mean  and 
proportion  as  well  as  to  testing  of  hypothesis  formulated  on  the  basis  of  research 
hypotheses  and  with  purpose  of  making  inferences  about  considered  populations. 

We  estimated  population  mean  and  proportion  based  on  a single  sample  from 
the  population  of  interest  using  large  sample  confidence  intervals.  Confidence  level 
applied  for  the  purpose  of  this  paper  is  95%. 

Tests  of  hypothesis  are  carried  out  by  implementing  the  following  steps  (Mc- 
Clave  et  ah,  2001):  (1)  introduction  of  null  hypothesis  representing  status  quo,  (2) 
introduction  of  alternative  hypothesis,  (3)  selection  of  appropriate  test  statistic,  (4) 
determining  the  rejecting  region  referring  to  the  values  of  the  test  statistic  consid- 
ering level  of  significance  a,  (5)  collecting  data  from  the  sample,  (6)  computing 
test  statistic,  (7)  making  decision  whether  to  reject  null  hypothesis,  (8)  making 
inference  about  population.  Level  of  significance  (a-value)  of  the  tests  conducted 
for  the  purpose  of  this  paper  is  0,05.  In  order  to  make  inferences  about  difference 
between  two  population  means  and  proportions  we  performed  large-sample  tests 
of  hypothesis  utilizing  z-statistics. 


Outcomes 

This  study  investigates  in  what  manner  teacher’s  university  education  influ- 
ences the  assessment  of  self-initiatives  directed  to  acquiring,  holding,  developing 
and  updating  own  digital  competences  and  infrastructure. 

From  the  data  obtained  from  the  sample  of  students  we  computed  sample 
numerical  descriptive  measures  and  estimated  population  mean  utilizing  95%  con- 
fidence interval  for  previously  mentioned  aspects  of  self-initiatives.  Results  are 
depicted  in  table  (Table  3,  Table  4)  and  they  indicate  that  teaching  mathematics 
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students  evaluated  all  considered  aspects  of  self-initiatives  with  greater  grades  than 
teaching  primary  education  students. 


Considered  feature 

Descriptive  statistics 
of  sample 

Confidence  interval  (95%) 
for  mean  estimation 

Mean 

Standard 

deviation 

Lower 

bound 

Upper 

bound 

Core  digital 
competences 

4,619615 

0,770176 

4,583649 

4,655580 

Special  digital 
competences 

2,876701 

1,468281 

2,792696 

2,960705 

Constant  updating  of 
digital  competences 

3,892857 

1,002423 

3,830019 

3,955695 

ICT 

infrastructure 

4,461735 

0,878015 

4,374547 

4,548922 

Table  3.  Descriptive  statistics  and  confidence  intervals  for  estimating  mean  for  the  sample 
of  teaching  primary  education  students. 


Considered  feature 

Descriptive  statistics 
of  sample 

Confidence  interval  (95%) 
for  mean  estimation 

Mean 

Standard 

deviation 

Lower 

bound 

Upper 

bound 

Core  digital 
competences 

4,669753 

0,707465 

4,592430 

4,747076 

Special  digital 
competences 

3,194444 

1,506317 

2,992427 

3,396462 

Constant  updating  of 
digital  competences 

4,050000 

0,998742 

3,903103 

4,196897 

ICT 

infrastructure 

4,652778 

0,695250 

4,489402 

4,816154 

Table  4.  Descriptive  statistics  and  confidence  intervals  for  estimating  mean  for  the  sample 

of  teaching  mathematics  students. 


Quantitative  data  obtained  from  the  samples  of  students  are  described  by  graph- 
ical method  utilizing  numerical  measures  pth  percentile  and  range  (Figure  2)  with 
respect  to  identified  categories  of  students. 

Furthermore,  we  conducted  large-sample  one-tailed  test  for  comparing  two 
population  means,  and  thus  compared  respondents’  judgements  of  analyzed  self- 
initiatives directed  to  digital  competences  and  infrastructure  with  respect  to  faculty 
education.  The  alternative  hypothesis  represents  the  existence  of  a difference  be- 
tween the  means  of  judgements  of  analyzed  self-initiatives  in  favor  of  teaching 
mathematics  students.  This  hypothesis  is  designed  on  the  basis  of  previous  dis- 
cussion. From  results  depicted  in  table  (Table  5)  at  a = 0,05  we  conclude:  (i) 
the  samples  do  not  provide  sufficient  evidence  for  us  to  conclude  that  there  is  a 
statistically  significant  difference  between  considered  means,  (ii)  there  is  a statisti- 
cally significant  difference  in  means  of  judgements  of  last  three  aspects  of  analyzed 
self-initiatives  in  favor  of  teaching  mathematics  students. 
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Figure  2.  Categorized  box  plot  for  aspects  of  self-initiatives. 


Considered  feature 

p- value 

a = 0, 05 

z 

za=l,  644854 

Ho 

Core  digital 
competences 

0,12383 

p > a 

1,15604 

Z <Za 

not  reject 

Special  digital 
competences 

0,00211 

p < a 

2,86061 

Z>  Za 

reject 

Constant  updating  of 
digital  competences 

0,026241 

p < a 

1,939156 

Z>  Za 

reject 

ICT  infrastructure 

0,020156 

p < a 

2,050542 

Z>  Za 

reject 

Table  5.  Results  obtained  from  the  one-tailed  test  for  comparing  two  population  means  of 
judgements  of  analyzed  self-initiatives  with  respect  to  faculty  education. 

In  addition  we  analyzed  closely  each  of  previously  introduced  aspects  of  self- 
initiatives by  computing  sample  numerical  descriptive  measures  and  estimating 
population  mean  utilizing  95%  confidence  interval  (Table  6,  Table  7). 


Considered  feature 

Descriptive  statistics 
of  sample 

Confidence  interval  (95%) 
for  mean  estimation 

Mean 

Standard 

deviation 

Lower 

bound 

Upper 

bound 

Having  knowledge  in  fundamental 
components  of  computer 

4,571429 

0,771279 

4,462777 

4,680080 

Having  knowledge  in  basic  Internet 
terms 

4,760204 

0,504999 

4,689064 

4,831344 

Having  knowledge  in  using  electronic 
mail 

4,877551 

0,372526 

4,825073 

4,930029 

Having  knowledge  in  creating  digital 
textual  document 

4,903061 

0,359188 

4,852462 

4,953661 

Having  knowledge  in  creating  digital 
presentational  materials 

4,877551 

0,411758 

4,819546 

4,935556 

Having  knowledge  in  creating 
spreadsheets 

4,397959 

0,919752 

4,268392 

4,527526 

Having  knowledge  in  drawing  and 
image  processing 

4,448980 

0,854820 

4,328560 

4,569400 

Having  knowledge  in  creating  and 
publishing  web-sites 

3,658163 

1,185591 

3,491147 

3,825179 

Having  knowledge  in  using  Internet  as 
additional  source  of  information 
necessary  for  creating 
teaching  materials 

4,816327 

0,482450 

4,748363 

4,884290 

Necessity  of  having  knowledge  and 
skills  in  utilizing  IT  board 

3,790816 

1,053501 

3,642408 

3,939225 

Necessity  of  having  skills  in  applying 
some  educational  mathematics  software 

4,112245 

0,904492 

3,984828 

4,239662 

Personal  ability  of  working  in 
Geometer’s  Sketchpad-u 

3,448980 

1,087198 

3,295824 

3,602135 

Personal  ability  of  working  in 
GeoGebra 

2,316327 

1,293748 

2,134074 

2,498579 

Personal  ability  of  working  in  Wolfram 
Mathematica 

1,301020 

0,720540 

1,199517 

1,402524 

Personal  ability  of  working  with 
IT  board 

1,923469 

1,163223 

1,759604 

2,087335 

Updating  of  digital  competence  of 
mathematics  teachers  is  necessary  for 
proper  application  of  ICT  tools 
in  teaching. 

3,811224 

0,877103 

3,687666 

3,934783 

In  order  to  update  own  ICT  skills  and  to 
integrate  ICT  tools  in  appropriate  way 
in  teaching,  the  mathematics  teachers 
should  regularly  read  the  relevant  IT 
publications. 

3,678571 

1,054295 

3,530051 

3,827092 

In  order  to  update  own  ICT  skills  and  to 
integrate  ICT  tools  in  appropriate  way 
in  teaching,  the  mathematics  teachers 
should  regularly  monitor  the  relevant 
web  portals. 

3,750000 

1,019678 

3,606356 

3,893644 

In  order  to  update  own  ICT  skills  and  to 
integrate  ICT  tools  in  appropriate  way 
in  teaching,  the  mathematics  teachers 
should  attend  computer  science 
seminary. 

4,112245 

0,975417 

3,974836 

4,249654 

In  order  to  update  own  ICT  skills  and  to 
integrate  ICT  tools  in  appropriate  way 
in  teaching,  the  mathematics  teachers 
should  self-initiative  and  independently 
study  ICT  tools. 

4,112245 

1,001360 

3,971182 

4,253308 

The  prerequisite  for  quality  preparing 
of  mathematics  lessons  is  owning  a 
personal  computer  (at  home). 

4,469388 

0,879441 

4,345499 

4,593276 

The  prerequisite  for  quality  preparing  of 
mathematics  lessons  is  having  Internet 
access  (at  home). 

4,454082 

0,878772 

4,330288 

4,577876 

Tablica  6.  Descriptive  statistics  and  confidence  intervals  for  estimating  mean  for  the 
sample  of  teaching  primary  education  students. 


Considered  feature 

Descriptive  statistics 
of  sample 

Confidence  interval  (95%) 
for  mean  estimation 

Mean 

Standard 

deviation 

Lower 

bound 

Upper 

bound 

Having  knowledge  in  fundamental 
components  of  computer 

4,583333 

4,349266 

4,817401 

0,691789 

Having  knowledge  in  basic  Internet 
terms 

4,805556 

4,647486 

4,963625 

0,467177 

Having  knowledge  in  using  electronic 
mail 

4,972222 

4,915830 

5,028614 

0,166667 

Having  knowledge  in  creating  digital 
textual  document 

4,972222 

4,915830 

5,028614 

0,166667 

Having  knowledge  in  creating  digital 
presentational  materials 

4,972222 

4,915830 

5,028614 

0,166667 

Having  knowledge  in  creating 
spreadsheets 

4,781047 

4,996731 

0,318728 

Having  knowledge  in  drawing  and 
image  processing 

4,722222 

4,548541 

4,895903 

0,513315 

Having  knowledge  in  creating  and 
publishing  web-sites 

4,611111 

4,392914 

4,829308 

0,644882 

Having  knowledge  in  using  Internet  as 
additional  source  of  information 
necessary  for  creating  teaching 
materials 

4,944444 

4,831661 

5,057228 

0,333333 

Necessity  of  having  knowledge  and 
skills  in  utilizing  IT  board 

4,138889 

3,845558 

4,432220 

0,866941 

Necessity  of  having  skills  in  applying 
some  educational  mathematics  software 

4,666667 

4,485810 

4,847523 

0,534522 

Personal  ability  of  working  in 
Geometer’s  Sketchpad-u 

4,083333 

3,849266 

4,317401 

0,691789 

Personal  ability  of  working  in 
GeoGebra 

3,361111 

2,861523 

3,860699 

1,476536 

Personal  ability  of  working  in  Wolfram 
Mathematica 

3,166667 

2,783012 

3,550321 

1,133893 
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Personal  ability  of  working  with 
IT  board 

1,750000 

1,412859 

2,087141 

0,996422 

Updating  of  digital  competence  of 
mathematics  teachers  is  necessary  for 
proper  application  of  ICT  tools 
in  teaching. 

3,972222 

3,736607 

4,207837 

0,696362 

In  order  to  update  own  ICT  skills  and  to 
integrate  ICT  tools  in  appropriate  way 
in  teaching,  the  mathematics  teachers 
should  regularly  read  the  relevant  IT 
publications. 

3,777778 

3,406153 

4,149402 

1,098339 

In  order  to  update  own  ICT  skills  and  to 
integrate  ICT  tools  in  appropriate  way 
in  teaching,  the  mathematics  teachers 
should  regularly  monitor  the  relevant 
web  portals. 

3,861111 

3,463615 

4,258607 

1,174802 

In  order  to  update  own  ICT  skills  and  to 
integrate  ICT  tools  in  appropriate  way 
in  teaching,  the  mathematics  teachers 
should  attend  computer  science 
seminary. 

4,083333 

3,727317 

4,439349 

1,052209 

In  order  to  update  own  ICT  skills  and  to 
integrate  ICT  tools  in  appropriate  way 
in  teaching,  the  mathematics  teachers 
should  self-initiative  and  independently 
study  ICT  tools. 

4,555556 

4,306992 

4,804119 

0,734631 

The  prerequisite  for  quality  preparing 
of  mathematics  lessons  is  owning  a 
personal  computer  (at  home). 

4,666667 

4,424022 

4,909311 

0,717137 

The  prerequisite  for  quality  preparing  of 
mathematics  lessons  is  having  Internet 
access  (at  home). 

4,638889 

4,407948 

4,869830 

0,682549 

Tablica  7.  Descriptive  statistics  and  confidence  intervals  for  estimating  mean  for  the 
sample  of  teaching  mathematics  students. 

In  addition  for  each  of  the  previously  introduced  aspects  of  self-initiatives  we 
performed  large-sample  test  for  comparing  two  population  means  of  judgements 
of  analyzed  self-initiatives.  The  alternative  hypothesis  represents  the  existence  of 
a difference  between  the  means  in  favor  of  teaching  mathematics  students.  At 
a = 0, 05  we  revealed: 

- The  samples  do  not  provide  sufficient  evidence  for  us  to  conclude  that  there 
is  a statistically  significant  difference  between  means  of  grades  for  necessity 
of  having  knowledge  in  fundamental  components  of  computer  and  basic  In- 
ternet terms  (p=0, 46289;  p =0,29858).  The  necessity  of  acquiring  and/or 
holding  all  other  considered  core  digital  competences  is  evaluated  statisti- 
cally significant  higher  by  teaching  mathematics  students  than  by  teaching 
primary  education  students  (p  < a). 

- The  necessity  of  acquiring  and/or  holding  all  by  this  paper  covered  special 
digital  competences  is  evaluated  statistically  significant  higher  by  teaching 
mathematics  students  than  by  teaching  primary  education  students  (p  < a). 
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- Both  categories  of  students  equally  recognized  the  necessity  for  constant 
updating  of  digital  competences  by  reading  ICT  publication  and  attending 
ICT  educations  {p  > a). 

- Teaching  mathematics  students  evaluated  statistically  significant  higher  the 
necessity  of  self-initiative  and  individual  studying  of  ICT  tools  with  pur- 
pose of  updating  ICT  skills  and  quality  integration  of  current  ICT  tools  in 
teaching  mathematics  (p  = 0, 000885). 

- The  samples  do  not  provide  sufficient  evidence  for  us  to  conclude  that  there 
is  a statistically  significant  difference  between  means  of  grades  for  neces- 
sity of  owning  a personal  computer  and  having  Internet  access  (p  = 0, 072; 
p = 0, 07746)  in  order  to  prepare  mathematics  lessons. 

Afterwards,  respondents  evaluated  if  their  self-initiatives,  that  they  are  taking 
in  order  to  update  their  knowledge,  skills  and  digital  infrastructure,  made  them 
ready  to  utilize  ICT  in  teaching  mathematics.  Using  large-sample  95%  confidence 
interval  we  estimated  population  mean  for  described  readiness.  In  that  manner  we 
obtained  intervals  [3, 776023;  4,  335088]  and  [3, 501265;  3, 784449]  for  teaching 
mathematics  and  teaching  primary  education  students,  respectively.  Besides  we 
conducted  large-sample  test  for  comparing  two  population  means  of  previously 
mentioned  evaluation.  The  alternative  hypothesis  represents  the  existence  of  a 
difference  between  the  means  of  that  evaluation  in  favor  of  teaching  mathemat- 
ics students.  This  hypothesis  is  designed  considering  previous  analysis.  Gained 
result  (p  = 0,003934)  at  a = 0,05  reveals  that  there  is  a statistically  signifi- 
cant difference  in  means  of  evaluation  of  analyzed  readiness  influenced  by  taken 
self-initiatives  in  favor  of  teaching  mathematics  students. 

Ultimately,  by  utilizing  large-sample  95%  confidence  interval  for  a population 
proportion  we  estimated  the  proportions  of  students  who  are  ready  to  integrate  ICT 
in  teaching  mathematics,  i.e.  those  students  whose  grade  for  identified  readiness 
is  at  least  4.  Thus  we  gained  intervals  [0, 54397;  0,  84492]  and  [0, 48656;  0, 62568] 
for  teaching  mathematics  and  for  teaching  primary  education  students,  respectively. 
Utilizing  the  same  method  we  estimated  the  proportions  of  students  who  are  not 
ready  to  integrate  ICT  in  teaching  mathematics,  i.e.  those  students  whose  grade  for 
identified  readiness  is  at  most  2.  Thus  we  gained  interval  [0, 07229;  0, 162404]  for 
teaching  primary  education  students,  while  in  the  sample  of  teaching  mathematics 
students  there  is  no  such  student.  Furthermore  we  conducted  large-sample  test  of 
hypothesis  for  comparing  two  population  proportions  of  the  students  who  are  and 
are  not  ready  to  integrate  ICT  in  teaching  mathematics.  The  alternative  hypothesis 
represents  the  existence  of  a difference  between  mentioned  proportions  in  favor  of 
teaching  mathematics  students  and  teaching  primary  education  students,  respec- 
tively. This  hypothesis  is  designed  considering  previous  analysis.  Gained  results 
(p  = 0, 054888486;  p = 0)  at  a = 0, 05  reveal  the  following:  (i)  samples  provide 
insufficient  evidence  to  detect  the  difference  between  the  proportions  of  the  stu- 
dents who  are  ready  to  integrate  ICT  in  teaching  mathematics,  (ii)  proportion  of  the 
students  who  are  not  ready  to  integrate  ICT  in  teaching  mathematics  is  statistically 
significant  greater  in  the  population  of  teaching  primary  education  students  than  in 
the  population  of  teaching  mathematics  students. 
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Conclusion 

The  results  obtained  in  this  study  indicate  that  faculty  education  causes  dif- 
ferences in  attitudes  towards  self-  initiative  focused  on  digital  competences  and 
infrastructure.  We  have  shown  that  higher  levels  of  computer  education  causes 
more  positive  attitudes  about  the  application  of  considered  self-initiative,  as  we 
expected.  The  teaching  program  of  primary  education  study  covers  less  computer 
science  areas  and  covers  them  at  a lower  level  than  a program  of  mathematics 
teacher  study,  it  is  expected  that  teaching  mathematics  students  will  better  evaluate 
the  self-initiative  focused  on  digital  competences  and  infrastructure,  which  was 
shown  in  this  research. 

However,  we  must  emphasize  that  the  teaching  primary  education  students  and 
teaching  mathematics  students  recognized  the  need  of  constant  actualization  of  dig- 
ital competences  by  following  the  appropriate  computer  science  publications  and 
participation  in  education.  This  finding  gives  us  the  right  to  claim  that  the  teaching 
primary  education  students  are  directed  towards  in  terms  of  IT  training,  because 
the  awareness  of  the  necessity  of  the  update  knowledge  and  skills  is  extremely 
important  in  working  with  ICT  tools. 

We  will  endeavour  to  follow  the  difference  in  this  work  considered  phenomena 
between  these  two  populations  of  interest.  Considering  the  fact  that  ICT  increasing 
its  part  in  the  teaching  process,  students  themselves  should  understand  that  their 
digital  competences  are  bond  that  binds  them  to  the  creative  and  innovative  ap- 
plication of  ICT  in  teaching.  This  research  is  the  starting  point  of  a larger  study 
which  is  planned  to  cover  different  populations  of  future  and  current  teachers  of 
mathematics  at  the  elementary  and  high  school  level. 
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Abstract.  This  paper  investigates  whether  there  is  a connection 
between  students’  learning  style  and  the  enrolled  elective  module 
within  the  framework  of  a study  program,  and  is  it  possible  to  predict  a 
student’s  success  on  the  basis  of  its  learning  style  and  elective  module 
with  the  use  of  a machine  learning  classification  method.  The  study 
involved  students  of  the  fifth  year  of  graduate  studies  whose  learning 
style  was  examined  with  the  use  of  the  Felder-Soloman  Index  of  Learn- 
ing Styles.  The  correlations  between  the  dimensions  of  learning  style 
detected  with  the  use  of  the  Felder-Soloman  Index  of  Learning  Styles 
are  also  investigated  as  well  as  relationship  between  the  performance 
of  students,  selected  elective  modules  and  the  dimensions  of  learning 
style.  In  data  processing  stage,  ANOVA  method  and  machine  learning 
classification  methods  were  used.  Results  showed  that  students  with 
a dominant  active,  visual,  sensory  or  intuitive  dimension  choose  all 
elective  modules,  while  students  with  a strong  sequential  dimension 
tend  to  choose  the  module  with  the  developmental  direction.  Students 
with  a strong  global  dimension  prefer  the  module  with  the  focus  in 
computer  science  courses.  The  paper  emphasizes  the  need  to  adapt 
teaching  styles  within  individual  elective  modules  to  the  learning  styles 
of  students  who  entered  that  module.  The  results  obtained  in  this 
work  can  serve  as  guidelines  for  designing  teaching  materials  and  in 
planning  purposes  of  teaching,  with  the  goal  of  improving  students’ 
learning  outcomes. 

Keywords:  learning  style,  ANOVA,  machine  learning  methods, 
elective  courses,  student  success 


Introduction 

In  recommendations  of  the  Bologna  Declaration^  special  attention  was  given 
to  eligibility,  ie.  opportunity  that  students  themselves  create  the  content  of  their 
studies.  Therefore,  in  2005.  the  higher  education  institutions  create  new  programs 

* Tuning,  2005.,  EUA  tuning  educational  structures  in  Europe,  available  at:  http/ /www . let . rug 
.nl/TuningProject/indeks  .htm  (accessed  at  March,  4'^  2005.). 


142 


Ivana  Durflevic,  Marijana  Zekic-Susac  and  Margita  Pavlekovic 


under  which  the  contents  of  a certain  percentage  of  time  is  left  to  students’  choice 
according  to  their  interests.  In  the  same  time,  the  process  of  restructuring  the 
High  schools  of  education  into  the  Faculties  of  Teacher  Education  was  conducted 
in  Croatia.  The  previous  practice  of  intensified  program  of  study  in  a particular 
subject  in  which  students  of  teacher  studies  trained  for  two  fields  of  work:  a) 
teachers  in  primary  education  and  b)  the  subject  teachers  of  children  aged  up  to  14 
years  is  abolished.  However,  the  creators  of  the  program  of  teacher  studies  con- 
tinue to  insist  on  the  need  to  give  the  students  the  opportunity  to  achieve  additional 
competencies  in  accordance  with  their  interests  within  the  framework  of  teacher 
studies,  with  the  aim  of  better  education  of  children  in  primary  education.  This 
was  in  line  with  the  Bologna  recommendations.  Therefore,  the  creation  of  teacher 
training  programs  was  approached  at  three  levels:  compulsory  courses,  elective 
courses  of  modules  and  free  elective  courses.  The  elective  module  in  teacher  study 
at  that  time  was  defined  as  a set  of  courses  whose  contents  narrowly  guide  students 
to  additional  competencies.  In  the  program  of  teacher  studies  that  was  created  at 
the  Faculty  of  Teacher  Education  in  Osijek,  which  is  positively  reviewed^  by  the 
National  Council  for  Higher  Education  in  2005,  courses  of  elective  modules  and 
free  elective  courses  cover  nearly  30%  of  the  total  ECTS  student  workload. 

After  the  first  semester,  students  of  integrated  undergraduate  and  graduate 
studies  of  Faculty  of  Teacher  Education  in  Osijek  prescribe  for  one  of  the  optional 
modules  which  qualifies  them  to  be  competent  in  a specific  area  of  education  of 
children  of  junior  school  age.  Three  modules  are  offered  to  them  whereat  the 
module  with  the  development  orientations  (Module  A)  with  chosen  subjects  of 
pedagogy  and  psychology  trains  them  to  a wider  understanding  of  the  specific 
issues  of  child  education,  then  the  IT  (information  technology)  module  (Module 
B)  trains  them  thoroughly  to  use  information  technology  in  education  process  and 
for  the  IT  education  of  children  in  primary  education,  while  the  foreign  language 
module  (module  C)  further  trains  them  for  the  early  teaching  of  children  of  junior 
school  age  to  foreign  language. 

Considering  the  results  of  previous  studies  by  other  authors  (Pask,  1988  in 
Hativa,  Birenbaum,  2000;  Naimie  and  dr.2010)  which  show  that  compliance  of 
learning  styles  and  teaching  styles  affect  the  performance  of  students,  the  aim  of 
this  study  was  to  examine  whether  there  is  a connection  between  students’  learning 
style  and  the  enrolled  election  module,  in  order  to  adjust  the  teaching  style  with  the 
learning  style,  all  for  the  purpose  of  increasing  students’  success.  For  the  purposes 
of  this  study,  a survey  was  carried  out  in  2010./11.  academic  year  among  students 
of  the  fifth  year  of  the  Teachers  University  in  Osijek.  For  testing  the  learning  styles 
of  students  the  Felder-Soloman  Index  of  Learning  Styles  was  used,  and  data  on 
student  performance  were  collected.  The  correlation  between  the  dimensions  of 
learning  styles  detected  with  the  Felder-Soloman  Index  of  Learning  Styles  and  the 
elective  modules  was  investigated,  as  well  as  the  differences  in  learning  styles  de- 
pending on  the  elective  module  by  using  the  one-way  analysis  of  variance.  For  the 

^ Minister  of  Science,  Education  and  Sports,  signed  on  16  June  2005.  accreditation  to  the  Faculty 
of  Teacher  Education  in  Osijek  for  the  performance  of  an  integrated  five-year  undergraduate  and 
graduate  university  teacher  studies. 


The  effect  of  students’  learning  style  on  the  selection  of  elective  modules 


143 


purposes  of  classifying  students  according  to  their  success,  the  k-nearest  neighbor 
method  of  machine  learning  was  used. 


About  the  index  of  learning  style 

Felder  and  Silverman  (1988)  proposed  a model  of  learning  styles  which 
classified  participants  according  to  preferences  to  one  of  the  four  dimensions: 
sensory-intuitive  dimension,  visual-verbal  dimension,  active-reflective  dimension, 
and  sequential-global  dimension.  Each  of  these  dimensions  distinguishes  two  basic 
types.  In  their  paper  (Felder,  Silverman,  1988)  the  basic  properties  of  each  dimen- 
sion were  stated,  and  the  differences  between  each  type  of  these  dimensions  were 
highlighted.  Thus,  they  stated  that  respondents  who  prefer  sensory  learning  like  to 
learn  from  data,  facts  and  experiments,  while  those  who  prefer  an  intuitive  learning 
like  to  learn  from  principles  and  theories.  Those  who  belong  to  the  visual  type 
most  easily  remember  information  if  they  were  presented  by  illustrations,  graphs, 
films  and  demonstrations,  while  it  is  easier  for  the  verbal  type  to  remember  what  is 
said  or  written.  Respondents  belonging  to  the  active  type  learn  the  easiest  if  they 
try  out  things,  and  they  like  team  work,  while  those  with  prominent  reflective  type 
prefer  independent  work.  Sequential  participants  learn  new  material  in  increasing 
increments,  while  global  participants  learn  new  material  in  “larger  jumps”. 

As  a continuation  of  that  research,  Felder  and  Soloman  (1991)  developed  the 
index  of  learning  style  as  instrument  (questionnaire)  that  examines  the  tendency 
of  respondents  to  the  dimensions  of  learning  style  of  Felder-Silverman  model.  It 
consists  of  44  questions  where  each  dimension  is  set  to  1 1 questions  on  which  it 
is  answered  back  with  the  answers  a or  b.  The  number  of  b is  subtracted  from  the 
number  of  a responses  for  each  group  of  questions  so  that  for  each  dimension  the 
result  is  a number  between  —11  and  1 1.  If  the  absolute  value  of  the  obtained  result 
lies  in  the  interval  [1,3]  then  we  are  talking  about  a balanced  relationship  within  the 
dimensions.  If  the  score  is  in  the  interval  [5,7]  then  there  is  a moderate  preference 
for  one  dimension,  and  if  the  score  is  in  the  interval  [9,  1 1]  then  the  preference  for 
one  dimension  is  distinct. 


Review  of  previous  research 

Studies  have  shown  that  in  cases  where  the  teaching  style  is  similar  to  the  learn- 
ing style  of  students,  the  students  acquire  the  material  more  easily  and  are  more 
efficient  in  learning  than  those  students  whose  learning  style  does  not  match  the 
teaching  style  of  their  teacher  (Pask,  1988,  in  Hativa,  Birenbaum,  2000).  Naimie, 
Siraj  et  al  (2010)  explored  the  impact  of  teaching  style  and  learning  styles  of  stu- 
dents and  the  impact  of  their  match  or  mismatch  on  the  performance  of  students. 
In  a sample  of  310  students  using  the  Felder-Soloman  Index  of  Fearning  Styles, 
observation  and  interviews  to  collect  data,  they  showed  that  matching  the  style 
of  teaching  and  learning  can  increase  student  success.  Mismatch  occurs  when  a 
student’s  preferred  method  of  processing  information  is  not  in  accordance  with 
the  preferred  style  of  teaching  of  their  teacher  which  can  cause  poor  performance 
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of  students  because  of  their  lack  of  motivation,  or  a student  may  be  bored  and 
may  not  be  interested,  write  exams  worse,  become  discouraged  and  in  some  cases 
change  the  course  (Felder,  Spurlin,  2005).  Amir  and  Jelas  (2010)  also  investigated 
the  congruence  of  teaching  styles  and  learning  styles  of  students.  They  used  the 
translated  version  of  Grasha-Riechman  Teaching  and  Learning  Style  Inventories 
on  the  sample  of  545  students  and  120  courses  in  order  to  investigate  which  of  the 
learning  styles  are  prevalent  at  the  University  Kebangsaan,  Malaysia. 


Methodology 

The  study  was  carried  out  in  2010/2011  academic  year  at  the  Faculty  of 
Teachers  Education  at  the  University  in  Osijek.  The  sample  included  109  fifth-year 
students.  The  instmment  used  to  examine  students’  learning  styles  was  Felder- 
Soloman  Index  of  Learning  Styles  translated  into  Croatian  language,  which  is 
available  as  a free  web  application.  Data  processing  and  analyses  were  performed 
by  StatSoft  Statistica  8 software.  In  order  to  examine  whether  there  is  a difference 
between  the  learning  styles  of  students  and  their  preferences  in  selecting  module, 
the  statistical  method  one-way  analysis  of  variance  (ANOVA)  was  used.  Since  the 
ANOVA  showed  a certain  dependence  between  variables,  it  was  assumed  that  it  is 
possible  to  create  a model  of  machine  learning  that  will  be  able  to  assess  in  which 
elective  course  a student  should  be  classified  on  the  basis  of  the  information  about 
students’  learning  style  and  selected  module  as  input  variables.  For  this  purpose  the 
k-nearest  neighbors  algorithm  was  tested  as  one  of  the  machine  learning  methods. 


ANOVA 

Analysis  of  variance  (ANOVA)  is  a statistical  method  used  to  test  for  sig- 
nificant differences  between  means  of  two  or  more  groups,  under  the  assumption 
that  the  sampled  populations  are  normally  distributed  (NIST /SEMATECH,  2010). 
The  basic  formula  for  calculating  the  variance  of  n measurements  is  (McClave, 
Benson,  1998): 

o2  _ *-l  ('ll 


where  y is  the  mean  of  the  n measurements.  In  ANOVA,  the  variation  in  the  de- 
pendent variable  is  partitoned  into  components  that  correspond  to  different  values 
of  the  independent  i.e.  group  variable. 

The  goal  of  ANOVA  is  to  split  the  total  variation  in  the  data  into  a portion 
due  to  random  error  and  portions  due  to  changes  in  the  values  of  the  independent 
variable(s). 

In  our  experiments,  each  of  the  learning  style  type  separately  is  used  as  the 
dependent  variable,  while  the  selected  study  module  was  used  as  the  independent 
variable  (valued  as  module  A,  B,  and  C). 
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The  descriptive  statistics  showed  that  the  data  of  learning  style  variables  are 
normally  distributed,  therefore  the  assumption  for  ANOVA  was  satisfied.  The  test 
statistic,  used  in  testing  the  equality  of  treatment  means  is  the  F test.  The  critical 
value  is  the  tabular  value  of  the  F distribution,  based  on  the  chosen  p-level  and  the 
degrees  of  freedom. 


A:-nearest  neighbor  methodology 

The  ^-nearest  neighbors  algorithm  is  an  instance-based  learning  method 
used  for  classifying  objects  based  on  closest  training  examples  in  the  feature  space, 
although  it  can  also  be  used  in  regression  type  of  problems.  It  is  one  of  the  most  fre- 
quently used  machine  learning  methods,  successfully  applied  in  many  areas,  such 
as  data  mining,  statistical  pattern  recognition,  image  processing  and  many  others 
(Teknomo,  2011).  Govindarajan  and  RM.  Chandrasekaran  (2010)  showed  that  is 
is  efficient  in  text  mining  for  direct  marketing.  The  advantage  of  this  method  is  in 
its  simplicity  to  use  and  interprete,  while  the  weakness  is  in  a high  computational 
cost  in  the  search  process  which  is  proportional  to  the  size  of  the  training  samples. 
(Kudo  et  al,  2003). 

The  method  operates  in  a way  that  an  input  vector  is  classified  by  a majority 
vote  of  its  neighbors.  The  neighbors  denote  the  input  vectors  for  which  the  correct 
classification  is  known.  The  classification  is  performed  such  that  a new  input  vector 
is  assigned  to  the  class  most  common  amongst  its  k nearest  neighbors,  where  k is 
a positive  number,  typically  set  to  a small  value.  If  k = 1,  then  the  input  vector  is 
simply  assigned  to  the  class  of  its  nearest  neighbor.  In  our  experiments,  the  size 
of  k is  determined  in  the  n-fold  cross-validation  procedure  (due  to  a small  sample 
size,  the  value  of  n = 3 was  used)  which  showed  that  the  A:  = 2 is  the  best  choice 
for  the  observed  data) . In  order  to  measure  the  distance  between  an  input  vector 
and  its  neighbors,  the  Euclidean  distance  is  used  where  the  distance  between  points 
p and  q is  the  length  of  the  line  segment  connecting  them. 

In  n-dimensional  space,  if  p=  {pi,p2,  ■ ■ ■ ,Pn)  and  q=  {qi,q2,  ■ ■ ■ ,qn)  are 
two  points,  then  the  Euclidean  distance  from  p to  q,  or  from  q to  p is  given  by 
(Teknomo,  2011): 


d{p,q)  = d{q,p)  = {qi  - pif  + {q2  - P2Y  + ■ ■ ■ + {qn  ~ PnY 


.12 


(2) 


This  method  is  used  in  our  experiments  for  the  purpose  of  classifying  students 
according  to  their  study  successfulness,  measured  by  the  average  grade  of  study.  In 
the  preprocessing  stage,  the  output  variable  (i.e.  the  average  grade)  is  transformed 
into  a binary  format,  such  that  value  of  0 indicates  success  below  4,  while  the 
value  of  1 indicates  success  equal  or  higher  than  4 (grades  were  expressed  in  the 
range  from  1 to  5).  The  input  variables  were  eight  dimensions  of  learning  style 
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and  a selected  module.  In  order  to  perform  the  ^-nearest  neighbor  method,  the  data 
sample  is  randomly  divided  into  a train  set  (75%  of  the  data),  and  a test  set  (25%  of 
the  data).  The  model  is  estimated  on  a train  sample,  while  the  test  sample  is  used 
for  evaluating  its  accuracy.  A confusion  matrix  which  shows  correct  and  incorrect 
classification  is  presented  for  the  obtained  model,  and  correct  classification  rate 
(i.e.  the  hit  rate)  is  computed  separately  for  category  0 and  category  1.  The  final 
assessment  of  the  model  successfulness  is  made  upon  the  average  classification 
rate  of  both  categories  of  the  output  variable. 


Results 


The  study  first  analyzed  the  distribution  of  preferences  of  respondents  accord- 
ing to  each  dimension  of  Felder-Soloman  index  of  learning  style.  Table  1 shows 
the  classification  of  the  tendency  of  respondents  to  significant,  moderate  affinity 
for  the  dimensions  of  the  Felder-Soloman  index  of  learning  style  and  on  a balanced 
ratio  between  dimensions. 

Faculty  of  Teacher  Education  {N  = 109) 


Preference  Learning  style 


A 

R 

SE 

I 

VI 

VE 

SEK 

GL 

significant 

11 

0 

3 

0 

3 

0 

18 

0 

moderate 

49 

2 

37 

2 

14 

3 

50 

1 

balanced  relation 

39 

8 

52 

15 

57 

32 

30 

10 

A - active,  R - reflective,  SE  - sensory,  I - intuitive,  VI  - vizual, 
VE  - verbal,  SEK  - sequential,  GL  - global 


Table  1.  Distribution  of  learning  styles. 

It  is  recommended  (Felder,  Spurlin,  2005.)  to  consider  only  subjects  with 
moderate  or  significant  tendency  towards  a dimension,  so  for  the  purpose  of  this 
study,  these  respondents  are  classified  into  one  category  as  shown  in  Table  2.  For 
the  category  of  significant/moderate  tendency  values  of  5-11  for  each  dimension 
of  the  Felder-Soloman  Index  of  Learning  Styles  were  used,  and  for  a balanced  ratio 
between  the  dimensions,  values  of  3 to  —3  were  considered.  The  results  showed 
that  55.05%  of  respondents  have  a preference  for  the  active  dimension,  15.60% 
toward  the  visual,  and  0.92%  toward  the  global  dimension. 


Active  - reflective 

Senzory-  intuitive 

UMa/Ia 

Ua-r 

UMr/Ir 

UMse/Ise 

UsE-I 

UMse/Ii 

55,05% 

43,12% 

1,83% 

36,70% 

61,47% 

1,83% 
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Vizual  - verbal 

Sequential  - global 

UMvi/Ivi 

Uvi-VE 

UMve/Ive 

UMsek/Isek 

UsEK-GL 

UMgl/Igl 

15,60% 

81,65% 

2,75% 

62,38% 

36,70% 

0,92% 

*UM  - moderate  preference,  I - significant  preference,  U - balanced  relation 


Table  2.  Classification  according  to  the  intensity  of  preferences. 

Before  the  analysis  of  variance,  a correlation  analysis  was  conducted  to  investi- 
gate the  existence  of  linear  relationships  between  selected  module  as  the  dependent 
variable  and  the  dimensions  of  learning  style  as  independent  variables.  The  results 
showed  that  the  sequential-global  dimension  is  in  correlation  with  the  selected 
module,  but  the  types  of  sequential-global  dimensions  are  not  in  correlation  with 
the  active,  reflexive,  visual  and  verbal  learning  style  type  (level  of  significance 
p<0.05). 

The  results  of  the  ANOVA  showed  a statistically  significant  relationship 
(p<0.05)  between  categories  of  modules  and  sequential  learning  style  (F=  4.124, 
p=  0.019)  and  between  categories  of  modules  and  global  learning  style  (F=  4. 124, 
p=  0.019),  i.e.  students  who  have  chosen  different  modules  also  differ  according 
to  their  learning  style.  We  also  noted  that  the  active,  visual,  reflective,  sensory  and 
intuitive  types  fit  into  all  modules,  sequential  types  predominantly  elect  develop- 
mental module  (Module  A),  and  global  types  frequently  use  IT  module  (Module 
B).  Detailed  results  of  the  ANOVA  test  are  shown  in  Table  3. 


Learning  style 

Degrees  of  freedom 

F 

P 

active 

106 

0,478765 

0,620881 

reflective 

106 

0,478765 

0,620881 

sensory 

106 

0,197495 

0,821086 

intuitive 

106 

0,197495 

0,821086 

vizual 

106 

0,161496 

0,851079 

verbal 

106 

0,161496 

0,851079 

sequential 

106 

4,124447 

0,018839 

global 

106 

4,124447 

0,018839 

Table  3.  ANOVA  test  results. 

In  order  to  investigate  a possibility  of  predicting  whether  a student’s  success 
will  be  above  average  if  the  information  about  the  chosen  module  and  the  informa- 
tion about  his/her  learning  style  is  known,  a model  for  classifying  students  with 
respect  to  performance  is  created  by  using  the  k-nearest  neighbors  method.  Results 
in  the  sense  of  hit  rates  for  each  category  of  students  are  shown  in  Table  4. 


Algorithm  for 
calculating  the  distance 

Flit  rate  for  category  0 
(students  with  grade 
below  4) 

Flit  rate  for  category  1 
(students  with  grade 
higher  than  4) 

Average  hit  rate 

Euclidean,  k = 2 

75,00% 

62.00% 

68.5% 

Table  4.  The  results  of  k-nearest  neighbors  method  in  the  classification  of  students 
according  to  their  study  success  obtained  on  the  test  sample. 


148 


Ivana  Durflevic,  Marijana  Zekic-Susac  and  Margita  Pavlekovic 


Table  4 shows  that  the  ^-nearest  neighbor  method  successfully  classifies  75% 
of  students  who  belong  to  the  category  of  0 (those  who  have  an  average  student 
success  under  4) , while  the  model  correctly  identifies  62%  of  students  who  have 
an  average  student  success  above  or  equal  to  4 (category  1).  Thus,  less  successful 
students  are  easier  to  identify  than  very  successful  ones  according  to  the  applied 
method.  The  average  rate  of  accuracy  of  the  model  for  both  categories  of  students 
was  68.5%,  which  is  better  than  the  random  choice,  so  the  model  can  therefore  be 
considered  as  successful  in  classifying  students  according  to  their  study  success. 


Conclusion 

The  aim  of  his  study  was  to  determine  the  students’  dominant  learning  style 
with  the  use  of  Felder-Soloman  Index  of  Learning  Styles,  to  investigate  whether 
there  is  a connection  between  the  dominant  learning  style  of  students  and  selected 
elective  module  using  one-way  analysis  of  variance,  and  finally  to  create  a model 
for  predicting  student  success  with  regard  to  elective  courses  and  learning  style  by 
using  the  ^-nearest  neighbors  method  of  machine  learning. 

Research  has  shown  that  most  of  our  respondents  had  the  least  preference  to- 
wards reflexive,  intuitive  and  global  type  of  learning  style,  and  most  had  significant 
or  moderate  affinity  towards  the  sequential  type.  The  results  of  the  ANOVA  showed 
a statistically  significant  relationship  (p<0.05)  between  the  sequential-global  di- 
mension of  learning  style  and  selected  elective  modules.  Also,  it  was  shown  that 
the  sequential  and  global  types  of  learning  style  are  in  correlation  with  the  selected 
module  that  students  attend.  The  method  of  ^-nearest  neighbors,  based  on  the 
input  variables  describing  students’  learning  style  and  elective  module,  produced 
the  average  hit  rate  of  68.5%  in  classifying  students,  therefore  demonstrated  that 
it  is  possible  to  create  a model  of  machine  learning  that  will  be  able  to  predict 
whether  the  students  will  be  extraordinary  successful  or  not.  Considering  that  this 
is  preliminary  research,  the  results  obtained  should  be  restricted  to  the  observed 
sample,  and  the  future  research  work  should  be  focused  on  increasing  the  accuracy 
of  the  model  by  testing  other  methods. 

Since  this  work  showed  that  students  who  choose  a particular  module  have 
different  learning  styles,  recommendation  for  further  research  is  to  more  investi- 
gate the  adjustment  of  teaching  styles  with  appropriate  learning  styles  in  order  to 
facilitate  efficient  learning  to  as  many  students  as  possible,  and  to  enhance  student 
success.  In  that  way,  depending  on  the  dominance  of  students’  learning  styles, 
teachers  could  contribute  in  improving  the  learning  outcomes  by  adapting  their 
teaching  materials  and  methods. 
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Abstract.  The  purpose  of  this  study  is  to  research  and  validate 
items  of  Bandura’s  social  cognitive  theory  of  self-efficacy  among  ICT 
students  of  the  first  year  at  Faculty  of  organization  and  informatics  at 
the  University  of  Zagreb.  Our  research  was  conducted  in  2009/2010 
year  in  summer  semester  in  mathematics  on  the  sample  of  202  students. 
After  confirmatory  factor  analysis  we  have  got  five  factors  which  can 
influence  students’  self-efficacy:  mastery  experience  with  social  per- 
suasion, psychological  states,  vicarious  experience,  grade  and  family 
support.  We  have  found  that  there  are  differences  in  self-efficacy 
for  those  students  who  passed  the  mathematics  exam  and  those  who 
failed.  There  are  three  common  factors  which  influence  self-efficacy 
of  both  successful  and  less  successful  students  - mastery  experience 
with  social  persuasion,  psychological  states,  and  vicarious  experience. 
Two  remaining  factors  are  grade  factor  influences  successful  students’ 
self-efficacy,  and  family  support  factor  influences  self-efficacy  of  less 
successful  students.  There  are  many  reasons  why  is  self-efficacy  Impor- 
tant for  school  and  university  students  and  one  of  the  most  important  is 
that  academic  self-efficacy  Is  the  good  predictor  of  academic  outcomes. 

Keywords:  mathematics,  self-efficacy,  mastery  experience,  vicar- 
ious experience,  social  persuasion,  psychological  states 


Introduction 

Self-efficacy  may  be  defined  as  the  level  of  confidence  individuals  hold  in 
their  abilities  to  accomplish  certain  courses  of  action  or  achieve  specific  outcomes 
(Bandura,  1977). 

Self-efficacy  has  been  thoroughly  researched  in  the  past  few  decades.  I has 
been  shown  that  there  are  different  kinds  of  relationship  between  self-efficacy  and 
mathematical  anxiety  (feelings  of  tension  and  anxiety  that  interfere  with  the  manip- 
ulation of  numbers  and  solving  mathematical  problems),  test  anxiety,  self-esteem 
(general  evaluation  of  yourself),  self-regulation  (implies  conscious  awareness  and 
coordination  of  thinking  processes  and  strategies,  and  involves  selecting  and  de- 
veloping appropriate  strategies  in  order  to  achieve  explicit  or  implicit  learning 
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goals  (Duncan  & McKeachie,  2005)),  efficacy  in  problem  solving,  mathematical 
achievement,. . . 

For  example,  Jain  and  Dowson  (2009)  have  shown  that  all  “self”  (regulation 
and  efficacy)  factors  are  positively  and  statistically  significantly  related  to  each 
other,  but  negatively  related  to  mathematics  anxiety.  Hoffman  (2010)  has  shown 
that  self-efficacy  was  significant  predictor  of  problem  solving  efficiency  for  les 
complex  problems  as  evidenced  by  greater  accuracy  and  reduced  problem-solving 
time.  These  results  also  yielded  new  information  concerning  the  role  of  mathemat- 
ical anxiety  and  self-efficacy  in  relation  to  problem-solving  time.  Students  with 
higher  degrees  of  confidence  in  task  success  are  presumed  more  accurate  in  part 
because  they  do  not  divert  time-consuming  resources  to  manage  stress  and  anxiety 
and  are  able  to  effectively  calibrate  effort  (Hoffman,  2010). 


Bandura’s  self-efficacy  theory 

Bandura  (1997)  assumes  that  self-efficacy  beliefs  are  key  factor  in  human 
capabilities  system.  It  is  shown  that  different  people  with  similar  skills,  or  same 
person  in  different  circumstances  can  perform  an  action  badly,  well  or  perfectly  de- 
pending on  the  changes  in  self-efficacy  beliefs.  Bandura’s  theory  assumes  that  there 
are  four  factors  which  influence  self-efficacy  - mastery  experience  (ME),  vicarious 
experience  (VE),  social  persuasion  (SP),  psychological  states  (PH).  According  to 
this  theory  self-efficacy  is  strongly  affected  by  one’s  previous  performance,  e.g. 
mastery  experience  prove  particularly  powerful  when  individuals  conquer  obstacles 
or  succeed  on  demanding  task.  Successful  performance  in  the  discipline  can  have 
permanent  effects  on  one’s  self-efficacy.  Examples  of  vicarious  experience  are: 
observing  others,  watching  peers,  teachers,  and  adults  succeed  at  a task.  Social 
persuasion  means  encouragement  from  parents,  teachers,  or  peers  whom  students 
trust,  and  that  can  improve  students’  confidence  in  their  academic  capabilities. 
Examples  of  psychological  states  are  high  anxiety,  stress,  mood,  tiredness  - all  of 
that  can  weaken  self-efficacy.  Self-efficacy  theory  suggests  that  behavior  may  be 
changed  in  response  to  self-efficacy  expectations  which,  in  turn,  can  strengthened 
(weakened)  by  different  types  of  feedback  given  to  individuals  (Bandura  1977). 


Research 

Our  research  was  conducted  in  2009/2010  year  in  summer  semester  in  math- 
ematics on  the  sample  of  202  students.  The  research  was  conducted  on-line  in 
system  for  e-learning  Moodle  and  students  did  it  at  the  end  of  the  second  semester. 
Doing  of  a questionnaire  was  on  voluntary  basis  but  students  were  motivated  by 
getting  one  point  (out  of  100  possible  to  get  on  different  course  activities). 

Research  questions  were: 

1 . Which  factors  affect  the  self-efficacy  at  studying  mathematics  for  the  whole 
group  of  ICT  students? 

2.  Are  there  any  differences  in  self-efficacy  between  successful  and  less  suc- 
cessful students,  e.g.  those  students  who  passed  mathematics  via  continuous 
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monitoring  through  the  semester  or  via  exam  at  the  end  of  semester,  and 
those  who  didn’t  pass? 

We  used  original  items  from  “Sourees  of  self-effieacy  in  mathematies:  A val- 
idation study”  (Usher  & Pajares,  2009).  The  items  were  translated  into  Croatian 
and  modified  to  suit  for  given  students’  group  (freshmen  of  ICT  on  the  mathematics 
course) . There  is  one  item  added.  All  changes  are  shown  in  the  following  list. 

Questionnaire  items: 

1.  (MEl)  I got  excellent  grades  on  math  mid-term  tests  and  tests.  {Modified.) 

2.  (ME5)  I have  always  been  successful  with  math. 

3.  (MEIO)  Even  when  I study  very  hard,  I do  poorly  in  math. 

4.  (ME15)  I got  good  grades  in  math  on  my  last  mid-term  test.  {Modified.) 

5.  (ME20)  I do  well  on  math  assignments. 

6.  (ME25)  I do  well  on  even  the  most  difficult  math  assignments. 

7.  (VA2)  Seeing  adults  do  well  in  math  pushes  me  to  do  better. 

8.  (VP6)  When  I see  how  my  math  teacher  solves  a problem,  I can  picture 
myself  solving  the  problem  in  the  same  way. 

9.  (VPl  1)  Seeing  kids  do  better  than  me  in  math  pushes  me  to  do  better. 

10.  (VPl 6)  When  I see  how  another  student  solves  a math  problem,  I can  see 
myself  solving  the  problem  in  the  same  way. 

11.  (VS21)  I imagine  myself  working  through  challenging  math  problems  suc- 
cessfully. 

12.  (VS9)  I compete  with  myself  in  math. 

13.  (P3)  My  math  teachers  have  told  me  that  I am  good  at  learning  math. 

14.  (P7)  People  have  told  me  that  I have  a talent  for  math. 

15.  (P12)  Adults  in  my  family  praised  me  when  I was  good  at  school  math. 
{Modified.) 

16.  (PI  7)  Adults  in  my  family  still  praise  me  when  I have  good  result  on  math 
mid-term  tests  and  tests.  (Added.) 

17.  (P22)  I have  been  praised  for  my  ability  in  math. 

18.  (P14)  Other  students  have  told  me  that  I’m  good  at  learning  math. 

19.  (P4)  My  classmates  like  to  work  with  me  in  math  because  they  think  I’m 
good  at  it. 

20.  (PH8)  Just  being  in  math  class  makes  feel  stressed  and  nervous. 

21.  (PHI 3)  Doing  math  work  takes  all  of  my  energy. 

22.  (PHI 8)  I start  to  feel  stressed-out  as  soon  as  I begin  my  math  work. 

23.  (PH23)  My  mind  goes  blank  and  I am  unable  to  think  clearly  when  doing 
math  work. 

24.  (PH19)  I get  depressed  when  I think  about  learning  math. 

25.  (PH24)  My  whole  body  becomes  tense  when  I have  to  do  math. 

We  have  modified  items  MEl,  ME  15,  P12  and  added  item  PI 7.  The  modi- 
fication was  necessary  because  the  original  questionnaire  had  been  made  for  high 
school  students  so  we  have  added  phrase  “on  mid-term  tests”  in  items  MEl  and 
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ME15.  We  have  divided  the  item  “Adults  in  my  family  have  told  me  what  a good 
math  student  I am”  in  items  P12  and  P17  because  we  wanted  to  separate  two 
different  types  of  family  praise,  the  one  related  to  high  school  students  and  another 
related  to  university  students. 

Kaiser-Meyer-Olkin’s  (KMO)  measure  for  the  whole  group  of  students  is 
0, 916  which  confirms  the  fact  that  the  collected  data  are  appropriate  for  implemen- 
tation of  confirmatory  factor  analysis. 

Scree  Plot 


Figure  1.  The  diagram  for  25  variables,  x-axes  represents  variables, 
and  y-axes  eigenvalues. 


Component 

Initial  Eigenvalues 

Total 

% of  Variance 

Cumulative  % 

1 

9,789 

39,  156 

39, 156 

2 

2,467 

9,867 

49, 022 

3 

1,538 

6, 151 

55,  174 

4 

1,287 

5, 148 

60,  322 

5 

1,074 

4, 297 

64,619 

6 

,928 

3,714 

68,333 

7 

,858 

3,432 

71,764 

8 

,717 

2,867 

74,  632 

9 

,673 

2,692 

77,  323 

10 

,653 

2,611 

79, 934 

11 

,562 

2,247 

82, 181 

12 

,544 

2,  177 

84,358 

13 

,476 

1,903 

86,  262 

14 

,443 

1,774 

88,035 

15 

,412 

1,649 

89, 685 

16 

,365 

1,460 

91, 145 

17 

,343 

1,373 

92,518 

18 

,314 

1,257 

93,775 
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19 

,287 

1,  147 

94, 922 

20 

,263 

1,052 

95,974 

21 

,238 

,952 

96, 926 

22 

,222 

,888 

97,815 

23 

,210 

,840 

98,655 

24 

,176 

,704 

99,  359 

25 

, 160 

,641 

100,  000 

Table  1.  Eigenvalues,  individual  and  cumulative  percentages 
of  variable  variance  for  the  whole  group  of  students. 


Results 

After  confirmatory  factor  analysis  on  the  whole  group  of  students  we  have 
got  five  factors  (Picture  1,  Table  2)  which  can  influence  students’  self-efficacy: 
mastery  experience  together  with  social  persuasion,  psychological  states,  vicarious 
experience,  grades  and  family  support.  The  percentage  of  variance  explained  by 
those  five  factors  is  64, 619%  (Table  1). 


Eactors 

Mastery 
experience 
and  social 
persuasion 

Psychological 

state 

Vicarious 

experience 

Grades 

Eamily 

support 

MEl 

,320 

-,265 

, 149 

,801 

,116 

VA2 

,039 

,027 

,785 

-,047 

,147 

P3 

,433 

-,088 

,368 

,405 

-,105 

P4 

,710 

-,135 

,301 

,277 

,121 

ME5 

,755 

-,403 

-,033 

,048 

, 124 

VP6 

,374 

-,380 

,529 

-,012 

-,181 

P7 

,827 

-,233 

,119 

-,012 

,035 

PH8 

-,123 

,762 

-,  197 

-,268 

-,007 

MEIO 

-,345 

,491 

,092 

-,260 

,273 

VPll 

-,013 

,031 

,798 

,112 

,171 

P12 

,445 

-,174 

, 159 

-,068 

,630 

PH13 

-,106 

,715 

, 107 

-,031 

-,082 

ME15 

,240 

-,178 

,065 

,852 

,002 

VP16 

,173 

-,182 

,671 

,092 

-,010 

P17 

,002 

-,043 

,248 

, 106 

,824 

PH18 

,400 

-,591 

, 196 

, 185 

,094 

ME20 

,677 

-,329 

, 107 

,344 

,088 

VS21 

,698 

-,223 

,079 

, 170 

-,029 

P22 

,403 

-,238 

,301 

,240 

, 144 
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PH23 

-,402 

,631 

-,054 

-,094 

,030 

ME25 

,686 

-,368 

,050 

,282 

, 146 

VS9 

, 170 

-,091 

,537 

,158 

,251 

P14 

,737 

-,185 

,208 

,332 

,058 

PH19 

-,341 

,731 

-,222 

-,156 

-,147 

PH24 

-,261 

,795 

-,147 

-,057 

-,084 

Table  2.  Rotated  component  matrix  for  the  whole  group  of  students. 

We  have  divided  the  whole  group  of  students  in  two  subgroups:  successful 
(students  who  passed  mathematics  via  continuous  monitoring  through  the  semester 
or  via  exam  at  the  end  of  semester)  and  less  successful  (those  who  didn’t  pass 
mathematics). 

KMO  is  0,  868  for  the  group  of  successful  students  and  0,  821  for  the  less  suc- 
cessful students  which  confirms  that  the  data  are  appropriate  for  implementation  of 
two  confirmatory  factor  analyses. 

We  have  found  that  there  are  differences  in  self-efficacy  for  those  students 
who  passed  the  mathematics  exam  and  those  who  failed.  There  are  three  common 
factors  which  influence  self-efficacy  of  both  successful  and  less  successful  students 
- mastery  experience  with  social  persuasion,  psychological  states,  and  vicarious 
experience.  Two  remaining  factors  are  grade  factor  which  influences  successful 
students’  self-efficacy  and  family  support  factor  which  influences  self-efficacy  of 
less  successful  students. 

The  percentage  of  the  variance  explained  by  the  four  factors  which  affect  suc- 
cessful students’  self-efficacy  is  59,458%,  while  the  percentage  of  the  variance 
explained  by  four  factors  which  influence  less  successful  students’  self-efficacy  is 
56,423%.  If  we  assume  that  the  factor  loading  of  variable  by  factor  less  than  0, 5 
doesn’t  have  to  be  considered,  and  if  we  take  out  variables  P3  and  VS9  of  factor 
analysis  in  the  group  of  successful  students,  and  variables  MEl,  ME  10  and  ME  15 
in  the  group  of  less  successful  students  it  will  be  shown  that  the  percentage  of 
variance  explained  by  four  factors  is  62, 47%  (and  KMO  0,  870)  for  the  successful 
students  and  59, 310%  (and  KMO  0,  826)  for  less  successful  students. 

Considering  the  meaning  of  the  variable  P3  (“My  math  teachers  have  told  me 
that  I am  good  at  learning  math.”)  we  can  conclude  that  a teacher’s  praise  doesn’t 
affect  successful  students’  self-efficacy.  That  is  not  surprising  because  a teacher, 
who  works  with  a large  group  of  students,  doesn’t  have  an  opportunity  to  know 
each  and  every  particular  student  and  to  establish  communication  such  as  it  is  in 
small  groups. 

The  variable  VS9  (“1  compete  with  myself  in  math.”)  doesn’t  affect  successful 
students’  self-efficacy  because  the  majority  of  good  students  wants  to  collect  only 
a minimum  of  points  needed  to  pass  the  exam.  That  confirms  the  fact  that  there  is 
a small  percentage  of  A,  B and  C grades  at  the  end  of  the  semester. 
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Further,  it  can  be  concluded  that  the  variables  connected  with  good  grades  and 
points  (MEl  and  ME15)  don’t  affect  less  successful  students’  self-efficacy  because 
they  didn’t  get  grades  which  they  perceive  as  good  until  the  moment  of  doing  the 
questionnaire.  That  is  also  confirmed  by  the  variable  MEIO  (“/got  good  grades  in 
math  on  my  last  mid-term  test.”)  which  ended  up  taken  out  together  with  other  two 
variables. 


Conclusion  and  discussion 

Two  Bandura’s  factors  have  merged  on  the  whole  sample  as  well  as  on  other 
two  subgroups,  what  does  not  surprise,  because  students  who  perceive  their  past 
performance  in  mathematics  as  successful  are  more  likely  to  receive  frequent  praise 
on  those  very  performances.  Conversely,  students  who  interpret  their  effort  in  math 
as  futile  are  more  likely  to  receive  (or  perceive)  massages  from  others  that  they  are 
not  capable.  (Usher  & Pajares,  2009;  Bandura,  1997) 

The  grade  factor  was  sorted  out  - items  MEl  (“1  got  excellent  grades  on  math 
mid-term  tests  and  tests.”)  and  ME  15(‘‘ I got  good  grades  in  math  on  my  last  mid- 
term test.”)  - in  the  group  of  successful  students  which  still  confirms  that  there  is 
a strong  positive  relationship  between  mathematics  self-efficacy  and  achievement 
in  mathematics  (Ayotola,  Adedeji,  2009) . 

The  family  support  factor  has  grouped  - items  P12  (“Adults  in  my  family 
praised  me  when  I was  good  at  school  math.”)  and  P17  (“Adults  in  my  family  still 
praise  me  when  I have  good  result  on  math  mid-term  tests  and  tests.”)  — with  item 
ME15  (“1  got  good  grades  in  math  on  my  last  mid-term  test.”)  which  has  a negative 
correlation  coefficient,  in  the  group  of  less  successful  students.  This  proves  that 
family  support  and  praise  is  not  important  only  to  primary  and  secondary  school 
students  but  it  is  also  important  to  university  students,  and  that  less  successful 
students  have  more  pronounced  fear  of  disappointing  their  parents,  further,  the 
family  support  factor  (items  P12  and  P17)  hasn’t  sorted  out  in  the  group  of  success- 
ful students,  which  doesn’t  mean  that  family  support  is  unimportant  to  successful 
students,  but  their  self-efficacy  hasn’t  been  affected  by  the  fear  of  disappointing 
their  parents.  Zivcic-Becirevic  (2003)  says  that  successful  students  use  encourag- 
ing thoughts  more  often,  have  more  pronounced  learning  motivation  and  interest 
for  the  materials,  and  less  pronounced  fear  of  disappointing  parents. 

This  research  gives  us  useful  information  on  the  factors  which  build  students’ 
self-efficacy  and  ensure  us  on  how  important  is  students’  environment  at  home  as 
well  at  university,  if  there  is  aim  to  raise  the  achievement  in  learning  mathematics. 
The  information  on  self-efficacy  can  help  teachers  to  tailor  teaching  strategies  and 
communication  methods  so  that  they  can  give  the  best  possible  feedback  to  students. 
In  the  end,  it  is  important  to  emphasize  the  role  of  praise  in  raising  self-efficacy 
regardless  high  school  students/university  students’  age  and  well-known  fact  that 
“nothing  succeeds  as  well  as  success”. 
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Abstract.  A well  known  quote  by  Confucius  states:  “I  hear  and 
I forget.  I see  and  I remember.  I do  and  I understand.”  Explorative 
learning  is  a well  known  form  of  teaching,  but  is  relatively  rarely  used  in 
mathematics.  In  the  last  decades  the  approach  in  which  pupils  discover 
laws  and  relationships  has  been  more  and  more  developed  for  teaching 
sciences.  In  this  approach  the  necessary  terms  and  other  theoretical 
background  is  explained  after  some  conclusions  have  been  obtained  e.g. 
on  the  basis  of  an  experiment.  Mathematics  on  the  other  side  is  better 
known  as  a theoretical,  and  less  as  an  experimental  scientific  discipline, 
and  thus  it  seems  that  it  is  harder  to  develop  lesson  plans  appropriate 
for  exploratory  learning.  On  the  other  side,  mathematical  formality  is 
not  a subject  in  its  own  right,  although  it  seems  so  to  many  children 
during  their  schooling  and  they  often  keep  this  opinion  when  they  grow 
up.  By  exploratory  learning  (as  well  as,  for  example,  by  using  projects 
and  open  problems)  formulas  can  be  introduced  gradually,  at  the  end, 
resulting  from  the  need  to  describe  a method  concisely. 

Many  papers  emphasize  the  advantages  of  learning  through  ex- 
ploration, and  particularly  for  learning  geometry  there  are  many 
elaborate  examples,  see  e.g.  Varosanec,  S.,  (2006.):  Ucenje  otkri- 
vanjem  (http://web.math.hr/nastava/mnml/ucenje.doc).  The 
purpose  of  this  presentation  is  to  enlarge  the  pool  of  ideas  for  develop- 
ing the  explorative  approach  in  teaching  mathematics,  particularly  for 
non-geometric  topics,  and  thus  to  encourage  an  increase  in  the  use  of 
this  teaching  form  in  the  teaching  of  mathematics  in  primary  schoold. 
Furthermore,  an  emphasis  shall  be  put  on  the  fact  that  the  often  heard 
argument  “we  do  not  have  time  to  separate  from  the  classical  lessons  for 
exploratory  learning/learning  through  projects”  in  fact  is  no  argument 
at  all,  because  this  other  approach  covers  the  same  subject-matters, 
but  increases  the  understanding  and  also  the  interest  of  pupils  for 
mathematics. 

Keywords:  exploratory  learning,  classroom  projects,  mathemat- 
ical experiments,  constructivist  information-processing  approach  to 
teaching  and  learning,  interactive  constructivist  approach  to  teaching 
and  learning 


Exploratory  learning  of  mathematics  in  primary  school:  advantages  and  examples  159 


References 


[1]  Bucat,  B.  (2010),  Constructivist  and  Information-Processineg  Models  in  Teaching 
and  Learning,  Proceedings  from  the  1.  Croatian  Workshop  on  Chemical  Education. 
To  appear. 

[2]  Jarrett,  D.,  Inquiry  Strategies  for  Science  and  Mathematics  Learning,  Northwest 
Regional  Educational  Laboratory,  1997. 

[3]  Loparic,  S.  (2009),  Istrazivacka  metoda  u nastavi  matematike, 

(http : //pogledkrozprozor . wordpress . com/2009/ 08/09/ istrazivacka- 
metoda-u-nastavi-matematike/).  Accessed  Nov  15,  2010. 

[4]  Varosanec,  S.  (2006),  Ucenje  otkrivanjem, 

(http : //web  .math.hr/nastava/mnml/ucenje  . doc),  Accesssed  Nov  15,  2010. 


Contact  address: 

Franka  Miriam  Brueckler,  assistant  professor 
Department  of  Mathematics,  Faculty  of  Science 
University  of  Zagreb 
Bijenicka  30,  HR  - 10000  Zagreb, 
e-mail:  bruckler@math.hr 


4. 

Teacher  and  students  in  teaching  practice 


In  the  fourth  chapter  the  authors  speak  of  the  results  of  research  and/or  suc- 
cess stories  of  strategies  in  mathematics  teaching  which  have  resulted  in  desirable 
outcomes  of  learning  among  children  and  students.  Teachers  are  in  favour  of  active 
methods  of  learning  and  teaching,  and,  regarding  children  of  younger  school  age, 
professionally  structured  play.  Some  of  the  authors  are  of  the  opinion  that  firstly, 
in  school  mathematics  it  is  required  to  replace  persistant  insisting  on  formalities, 
whenever  possible,  with  experimental  aspects  of  mathematics.  In  their  opinion, 
students  of  teacher  studies  need  to  master  the  interactive  constructivist  approach 
to  learning  and  teaching  mathematics  and  be  ready  to  apply  the  popular  approach 
in  the  mathematics  classroom,  whenever  opportunity  arises.  The  authors  report 
general  awareness  among  parents,  teachers  and  society  of  the  importance  of  early 
mathematical  education.  Likewise,  a growing  number  of  parents  of  children  with 
special  needs  are  interested  in  integrating  their  children  into  regular  public  instruc- 
tion, which  is  also  suggested  by  the  national  development  strategy  of  the  Republic 
of  Croatia.  Teachers  warn  of  insufficient  knowledge  and  skills  in  this  segment 
imparted  on  students  during  their  university  studies  and  indicate  the  need  for  the 
development  of  curricula  which  would  enable  students  to  recognise,  educate  and 
support  pupils  with  special  needs. 
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Abstract.  Mathematics  is  known  as  a theoretical  science.  Because 
of  its  formalism  it  is  one  of  the  least  popular  school  subjects  and 
sciences.  The  current  trend  to  popularisation  of  mathematics,  develop- 
ing after  2000  intensively  and  systematical!  on  an  international  level, 
still  hasn’t  shown  larger  effects  on  changing  the  attitudes  of  pupils 
towards  mathematics.  Independently  of  all  broader  oriented  activities, 
the  role  of  the  mathematics  teacher  as  a popularisator  of  mathematics 
is  exceptional,  because  by  his  approach  he  directly  contributes  to  the 
formation  of  pupils  opinions  that  are  later  hard  to  change. 

One  of  the  main  obstacles  to  success  in  popularisation  of  mathe- 
matics is  that  mathematics  is  a theoretical  science.  In  comparison  to 
other  sciences  it  seems  that  it  is  hard  and  time-consuming  to  develop 
and  prepare  activities  connected  to  school  curricula  that  are  at  the 
same  tame  such  that  pupils  actively,  not  only  by  thinking  and  writing, 
discover  mathematical  laws  and  the  beauty  of  mathematics.  Almost 
nobody,  not  even  math  researchers  and  teachers,  experiences  mathe- 
matics as  an  experimental  science.  The  purpose  of  this  presentation 
is  to  show  that,  particularly  on  the  primary  and  secondary  school 
level,  mathematics  also  has  experimental  aspects  and  to  show  concrete 
examples  of  activities  adequate  for  children  that  emphasize  this  aspect 
of  mathematics. 

Keywords:  popularisation  of  mathematics,  learning  through  dis- 
covery, interactive  mathematics,  constructivist  information-processing 
approach  to  teaching  and  learning,  interactive  constructivist  approach 
to  teaching  and  learning 

What  is  good  education?  Systematically  giving 
opportunity  to  the  student  to  discover  things  by  himself. 

(George  Polya,  How  to  solve  it?,  1945.) 


Introduction 

Mathematics  is  one  of  the  least  popular  school  subjects  and  sciences.  The 
current  trend  to  popularization  of  mathematics,  developing  after  World  Year  of 
Mathematics  2000  intensively  and  systematically  on  an  international  level,  as  yet 
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has  no  significant  effects  on  changing  the  attitude  of  students  towards  mathemat- 
ics. The  role  of  the  mathematics  teacher  as  a popularisator  of  mathematics  is 
exceptional,  as  the  opinions  on  mathematics  (and  other  sciences)  developed  during 
school  are  hard  to  change  later.  One  of  the  main  obstacles  to  success  in  popularisa- 
tion of  mathematics  is  that  mathematics  is  a theoretical  science.  Even  worse,  often 
its  formal  aspects  stand  in  the  foreground,  while  the  real  content  (and  methods) 
they  represent  are  not  easy  to  perceive.  Almost  nobody,  not  even  math  researchers 
and  teachers,  experiences  mathematics  as  an  experimental  science.  In  a very  strict 
sense,  this  might  be  true,  but  on  the  other  side,  mathematical  experimenting  - 
with  numbers,  shapes,  ideas  - can  lead  to  discovery  of  patterns  and  properties, 
formulation  of  conjectures,  even  to  first  ideas  of  proofs. 

In  this  paper  we  restrict  ourselves  to  a narrower  meaning  of  a mathematical 
experiment:  we  consider  activities  that  not  only  aim  to  discover  a mathematical 
fact  by  pure  reasoning,  but  have  a strong  hands-on  aspect.  As  it  is  well  known 
that  learning  by  doing  has  a greater  impact  on  true  understanding  of  facts,  such 
mathematical  experiments  can  help  to  improve  the  understanding  of  mathematics, 
and  also  the  children’s  attitude  towards  mathematics.  While  higher  mathematics 
lacks  a big  number  of  topics  that  can  suitably  be  converted  into  lesson-plans  with 
a strong  experimental  and  discovery  component,  primary  and  secondary  school 
curricula  show  an  abundance  of  topics  that  can  be  treated  in  an  experimental  and 
hands-on  way.  It  is  fairly  obvious  that  almost  all  topics  in  school  geometry  can 
be  introduced  and  explained  by  discovery  learning,  and  most  explorations  can  be 
formulated  as  hands-on  experiments.  But,  it  is  less  obvious  that  also  most  of  the 
arithmetical  and  algebraic  topics  can  be  treated  in  the  same  way. 

The  purpose  of  this  paper  is  to  describe  a few  examples  for  an  experimental 
approach  to  some  of  the  standard  curricula  topics.  While  it  may  seem  that  it  is  hard 
and  time-consuming  to  develop  and  prepare  mathematical  activities  connected  to 
school  curricula  that  are  at  the  same  time  such  that  pupils  actively,  not  only  by 
thinking  and  writing,  discover  mathematical  laws  and  the  beauty  of  mathemat- 
ics, these  few  examples  are  intended  to  show  that  it  is  not  hard  to  find  ideas  for 
converting  a standard  lesson-plan  on  most  mathematical  topics  to  a inquiry  based 
one. 


Experiment  1:  Discovering  the  meaning  of  digits  by  a magic  trick 

A classical  mathematical  magical  trick  [1]  is  the  following  one.  The  magician 
gives  chooses  a spectator  and  instructs  him  (or  her)  to 

(1)  choose  a three-digit  number  whose  first  and  last  digit  are  different; 

(2)  reverse  its  order  of  digits; 

(3)  subtract  the  smaller  from  the  larger  of  the  two  numbers  from  steps  (1)  and 

(2); 

(4)  reverse  the  order  of  digits  of  the  result  obtained  in  (3),  with  the  remark  that 
if  (3)  resulted  in  a two-digit  number,  it  should  be  considered  a three-digit 
number  by  placing  a zero  in  front  of  it; 

(5)  add  the  numbers  obtained  in  steps  (3)  and  (4). 


Mathematical  experiments 


165 


Then  the  magician  surprises  the  audience  by  guessing  the  final  result.  Namely, 
the  result  will  always  be  1089. 

The  performance  of  this  trick  is  one  of  the  easiest  and  most  fun  ways  of  starting 
an  experimental  investigation  leading  to  the  understanding  of  meanings  of  digits 
and  their  positions.  The  experimental  part  consists  in  trying  out  various  starting 
numbers  and  discovering  patterns.  This  should  lead  not  to  formulating  the  conjec- 
ture “The  result  is  always  1089.”.  But,  there  is  much  more  to  it  - some  children  will 
have  the  idea  to  experiment  with  three-digit  numbers  with  first  and  last  digit  equal, 
and  consequently  arrive  at  a more  precise  formulation  of  the  conjecture  (“The 
result  is  1089  if  and  only  if  the  starting  three-digit  number  has  unequal  first  and 
last  digits”).  The  experimental  calculations  also  offer  first  insights  into  the  proof 
(depending  on  the  age  a more  or  less  formal  one),  which  is  basically  the  answer  to 
the  obvious  question:  “Why  is  the  conjecture  true?”.  Many  subquestions  can  be 
posed  in  order  to  help  the  students  to  discover  the  proof,  or  at  least  to  get  a feeling  of 
the  steps  to  prove  (e.g.  “Why  is  it  important  to  start  with  a number  having  different 
first  and  last  digits?”).  There  is  also  room  for  generalizations  (possibly  even  some 
children  will  suggest  them  on  their  own) : What  happens  if  the  starting  number  has 
two  digits?  Four  or  more  digits?  At  a higher  level,  one  can  also  generalize  the 
problem  to  other  bases.  Several  related  questions,  each  of  which  can  be  analyzed 
experimentally,  can  be  found  in  [2] . 

This  “1089-trick”  wonderfully  distinguishes  the  experimental  discovery  ap- 
proach to  the  classical  “problem-solution”  approach.  Even  if  choosing  the  same 
property  would  be  used  to  illustrate  the  meaning  of  digits  in  base  10,  a “problem- 
solution”  approach  in  which  the  students  would  be  told  to  prove  the  statement: 
“When  starting  from  a three-digit  number  with  first  and  last  digit  different  and 
performing  the  steps  (l)-(4)  one  always  obtains  1089.”  would  not  only  probably 
be  too  hard  for  most  students,  but  would  hide  much  of  the  real  mathematics  in 
the  problem.  Here,  under  real  mathematics,  we  mean:  the  ability  of  formulating 
and  testing  conjectures,  finding  examples  and  counterexamples,  and  discovering 
possible  generalizations  (or  limitations)  of  a mathematical  statement.  And  all  of 
that  leads  to  the  discovery  of  the  need  of  a mathematical  proof  and  finding  of  the 
proof  itself. 

Experiment  2:  Discovering  arithmetical  progressions  by  another  magic  trick 

A number  of  magic  tricks  [3],  [4]  use  calendar  leafs  and  properties  of  arithmetic 
progressions  form  their  mathematical  background.  One  example  is  the  following 
simple  trick:  The  magician  asks  the  spectator  to  circle  4 numbers  in  a column  of 
a (monthly)  calendar  leaf  and  add  the  four  numbers.  Upon  being  told  the  sum, 
the  magician  knows  which  four  numbers  were  circled.  Namely,  the  four  numbers 
form  an  arithmetic  progression  with  difference  7,  so  their  sum  is  42  plus  four  times 
the  first  number,  so  all  the  magician  has  to  do  is  subtract  42  and  divide  by  4. 
Where  does  the  experimental  part  come  in?  First,  children  can  try  various  months 
and  columns,  and  in  this  way  they  can  discover  the  rule  about  summing  members 
of  an  arithmetical  progression.  Furthermore,  there  are  several  possible  additional 
exploratory  questions:  What  if  one  takes  three  or  five  numbers  in  a column?  How 
about  rows?  And  does  the  trick  work  with  other  rectangular  tables  of  numbers? 
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Can  you  construct  such  a table  that  does  not  contain  the  numbers  1 to  31?  Can 
you  formulate  a general  rule?  To  answer  such  questions  children  have  to  try  out 
different  possibilities:  they  have  to  experiment. 

Experiment  3:  Discovering  addition  by  magic  squares 

Magic  squares  [5],  [6]  are  fascinating  mathematical  objects,  and  obviously  they 
can  be  used  to  improve  the  proficiency  in  addition.  But,  they  can  also  be  used  in 
the  very  beginnings  of  learning  addition.  Namely,  if  numbers  are  represented  as 
dots  (like  on  dominoes),  the  “magic”  property  can  be  discovered  even  by  small 
children  not  yet  able  to  do  addition,  simply  by  counting  the  dots.  The  experimental 
part  can  consist  in  constructions  of  various  magic  squares.  Note  that  for  maximal 
benefit  it  is  best  to  work  with  a 3 x 3 grid,  but  not  only  in  the  classical  setting  of 
numbers  1 to  9,  but  also  letting  children  try  other  numbers  and  also  with  varying 
conditions  of  being  magic  (e.g.  with  or  without  requiring  that  diagonals  sum  up  to 
the  same  sum  as  rows  and  columns) . As  they  construct  - in  the  worst  case  simply 
by  counting  the  dots  - with  or  without  help  from  the  teacher  the  children  notice 
that,  say,  consecutive  squares  with  8,  1 and  6 dots  result  in  15  dots  altogether. 
Additionally,  guided  by  suitable  questions,  they  will  also  notice  the  commutativity 
(it  is  irrelevant  in  which  order  they  count  the  dots,  the  sum  stays  the  same). 

The  experiment  can  be  extended  to  classic  notation  with  numbers  instead  of 
dots,  to  training  of  subtraction  (filling  in  of  missing  numbers,  knowing  the  magic 
sum),  to  finding  multiplicative  magic  squares  to  gain  proficiency  in  multiplication, 
and  of  course  to  various  sizes,  other  grids  or  even  to  three-dimensions  (“magic 
cubes”).  Note  that  constructions  of  magic  squares  with  fractions,  decimal  num- 
bers, general  real  (or  even  complex)  numbers  can  serve  to  help  children  gain 
proficiency  in  arithmetic  with  the  mentioned  sorts  of  numbers.  In  all  cases  there  is 
an  additional  benefit  - the  (quite  probable)  possibility  of  children  noticing  various 
properties  of  magic  squares  (e.g.  that  up  to  rotation  and  reflection  there  is  only  one 
magic  square  with  numbers  1 to  9). 

Experiment  4:  Discovering  fractions  by  tilings 

It  is  well  known  [7]  that  children  (and  even  adults)  often  have  problems  with 
understanding  of  fractions  and  performing  arithmetic  operations  with  them.  There 
are  many  ways  (some  suggested  in  [7])  to  deal  with  this  problem,  and  most  have 
a hands-on  aspect,  e.g.  when  suggesting  coloring  parts  (fractions)  of  a picture  in 
different  colors.  A variation  on  this  theme  can  be  achieved  by  using  tilings  with 
regular  polygons  (isosceles  triangles,  squares  and  regular  hexagons),  with  or  with- 
out decoration.  The  tiles  can  easily  be  made  of  thick  cardboard  paper.  The  main 
advantage  to  the  version  when  one  uses  a given  picture  divided  into  fragments, 
that  are  then  used  to  lead  the  pupils  to  the  idea  of  fractions,  is  that  by  using  tilings 
one  can  easily  vary  the  denumerator  (number  of  tiles),  and  also  use  them  for  illus- 
tration of  arithmetic  operations  (particularly  easy:  division  by  a positive  integer). 
The  experimental  version  can  consist  in  asking  children  to  construct  examples  of 
specific  fractions,  which  can  also  lead  to  discovery  of  canceling  (2  tiles  of  8 are 
example  of  one  fourth  just  as  5 of  20  are).  Also,  the  children  can  experiment  with 
various  shapes  and  discover  the  independence  of  the  number  (fraction)  of  the  object 
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they  describe,  noticing  that  e.g.  two  squares  of  a tessellation  with  five  squares  and 
four  hexagons  of  a tessellation  with  ten  hexagons  both  deserve  the  same  name  - 
the  fraction  “two  fifth”  that  is  describing  the  ratio.  There  are  many  other  facts 
and  properties  of  fractions  that  can  easily  be  discovered  by  experimenting  with 
tiles,  e.g.  by  grouping  into  “Egyptian  fractions”  [8]  and  thus  improving  the  skills  in 
addition  and  subtraction.  Other  experimental  approaches  to  fractions  include  using 
origami  [9],  cooking  [7],  music  [7]  and  obviously  measuring  of  various  physical 
properties  (time,  length,  area,  volume,  . . . ). 

Experiment  5:  Discovering  areas  using  a tangram  puzzle 

Although  the  tangram  is  well-known  as  a didactical  tool,  it  is  unfortunately 
rarely  used  in  the  math  classroom.  This  is  quite  a pity,  since  it  can  be  used  for  many 
mathematical  topics  for  various  ages.  One  can  use  it  to  learn  the  basic  terminology 
(triangle,  square,  parallelogram,  etc.),  develop  the  concept  of  area  and  perimeter, 
angles,  congruency  and  similarity,  convex  polygons,  symmetry,  fractions  and  irra- 
tional numbers  (the  square  root  of  2),  even  coordinate  geometry  and  combinatorics 
[10],  [11]  as  well  as  some  more  advanced  topics  [12].  Additional  benefits  are  the 
development  of  reasoning  skills  and  the  discovery  that  a (mathematical)  problem 
can  have  more  than  one  solution,  or  be  insoluble.  There  are  many  sources  for  ideas 
[13],  [14],  so  let  us  give  us  just  one  example  of  an  experiment  with  tangrams.  Say 
each  child  is  equipped  with  a complete  tangram  (e.g.  because  they  had  to  make 
their  own  tangrams  from  cardboard  paper  for  homework)  and  one  wants  to  teach 
the  class  the  concept  of  area  using  a unit  square.  The  smallest  square  can  be  used  as 
the  unit  and  the  children  can  explore  (by  experimenting:  using  the  tangram  pieces 
and  tracing  them  in  their  notebooks)  the  areas  of  the  tangram  pieces  and  various 
triangles  and  quadrilaterals  (and  other  polygonal  shapes)  that  can  be  made  from 
the  pieces.  Note  that  is  quite  probable  that  not  all  children  will  obtain  the  areas  of 
the  same  shapes,  since  there  are  many  possible  shapes*  that  can  be  made  from  the 
tangram  pieces,  so  there  is  much  place  for  communication  and  exchange  of  ideas. 
The  exploration  can  be  extended  using  other  tangram-like  dissection  puzzles,  be  it 
some  that  are  already  known  [15],  [16]  or  own  dissection  puzzles. 


Discussion 

It  is  the  opinion  of  the  author  - in  fact,  her  firm  belief  - that  it  would  be  possible 
to  develop  lesson-plans  for  mathematics  (based  on  any  standard  curricula)  that  are 
thoroughly  inquiry-based,  particularly  for  the  first  eight  years  of  schooling. 

The  five  previous  examples  were  meant  as  a source  of  inspiration.  In  particular, 
they  serve  as  a “proof”  that  it  is  not  hard  to  develop  experimental  and  exploratory 
concepts  for  use  in  the  mathematical  classroom.  Generally,  it  is  quite  easy  to 
find  or  develop  ideas  for  experiments  in  geometry,  and  with  a little  creativity  it  is 
not  much  harder  to  formulate  lesson  plans  based  on  experiments  and  inquiry  for 

* Thirteen  convex  polygons  are  possible  using  all  seven  pieces:  one  triangle,  six  quadrilaterals, 
three  pentagons  and  three  hexagons,  as  the  Chinese  mathematicians  Fu  Tsiang  Wang  and  Chuan-Chih 
Hsiung  have  proven  in  1942. 


168 


Franka  Miriam  Brueckier 


all,  or  almost  all,  topics  covered  in  standard  mathematical  curricula  for  primary 
(and  also  secondary)  school.  Also,  one  should  not  forget  the  obvious  methods  of 
mathematical  experimentation  using  software  (spreadsheets,  dynamical  geometry, 
etc.),  although  they  have  a backdrop  with  respect  to  the  hands-on  activities:  one 
has  to  put  faith  into  the  computer  (e.g.  that  the  computer  “knows”  what  a quadratic 
function  is  and  that  it  correctly  plots  its  graph). 

N.  B.  The  experimental  approach  does  not  eliminate  the  teaching  of  a mathe- 
matical proof.  Although  there  is  a possibility  that  children  discover  mathematical 
properties  and  become  convinced  of  its  truth  without  seeing  the  need  for  a proof, 
it  is  one  of  the  tasks  of  the  teacher  (besides  being  a coordinator  and  monitor  of 
the  experimental  activities)  to  show  that  ideas  obtained  through  experience  are  not 
yet  proven  and  lead  them  to  the  conclusion  that  a proof  is  necessary.  But,  even 
for  discovering  the  necessity  of  a mathematical  proof  the  experimental  approach  is 
often  profitable,  because  in  many  cases  the  children  will  discover  the  need  - and 
even  the  ideas  - of  a more  efficient  approach  than  trying  out  all  the  possible  cases 
(even  if  there  are  only  finitely  many  of  them)  and  thus  arrive  naturally  to  the  basic 
ideas  of  a proof. 


Possible  issues 

Some  teachers  - and  probably  not  only  them  - will  now  say  that,  while  the 
discovery  approach  is  a nice  idea,  it  is  expensive,  it  requires  too  much  effort  and/or 
is  incompatible  with  the  curriculum  and  they  do  not  have  time  or  requisites  to 
change  to  such  a teaching  style,  except  perhaps  once  in  a while.  Let  me  give  some 
answers  to  these  objections. 

The  first  objection  - expenses  - is  easily  put  aside.  Namely,  all  hands-on 
mathematics  activities  can  be  prepared  with  the  minimum  amount  of  money  [17]. 
For  most  of  them  all  one  needs  is  paper,  cardboard,  scissors,  glue,  pencils,  small 
items  like  pebbles,  dice,  playing  cards,  daily  newspapers  and  similar  requisites  - 
all  of  them  are  cheap  and  easy  to  obtain,  aren’t  they? 

Secondly,  while  it  is  true  that  discovery  oriented  teaching  of  mathematics 
requires  more  creativity  from  the  teacher  than,  say,  for  chemistry,  where  it  is  (or 
should  be)  much  more  obvious  how  to  set  up  and  use  experiments,  there  are  enough 
good  and  adaptable  existing  ideas  to  be  found  in  books  [18],  [19],  [20]  and  on  the 
internet  [21]  (like  the  five  ones  described  in  this  paper).  The  effort  for  the  search 
for  ideas  and  their  adaptation  for  use  in  the  classroom  is  far  less  than  the  obtained 
effect  (after  all,  once  developed,  the  lesson-plans  can  be  used  over  and  over  again). 
Also,  the  overworked  teacher  may  even  find  that  suddenly  mathematics  is  fun.  Yes, 
even  for  the  teacher.  And  one  should  not  underestimate  the  effect  of  a teacher  who 
enjoys  what  he  or  she  is  teaching.  As  Jerry  P.  King  says^  in  the  book  The  Art 

^ Speaking  of  the  math  classroom,  King  says:  The  third  group  in  that  chamber  had  only 
one  member:  the  teacher.  This  person  had  three  characteristics  which  we  found  were  more  or 
less  common  to  the  secondary  school  mathematics  teachers  that  were  to  follow:  he  did  not  like 
mathematics,  he  did  not  understand  mathematics,  he  did  not  believe  mathematics  important.  Further, 
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of  Mathematics  [24]:  one  of  the  important  reasons  why  pupils  do  not  like  math- 
ematics is  that  many  mathematics  teachers  seem  not  to  like  mathematics.  Still, 
one  should  be  cautious:  not  every  “fun”  mathematical  problem  is  suitable  for  the 
use  in  a classroom,  and  many  ideas  have  to  be  carefully  adapted  for  the  use  in  the 
classroom. 

The  third  point  is  a touchy,  but  often  heard  one.  Most  of  the  ones  objecting  to 
the  inquiry-based  concept  of  teaching  say  that  the  usage  of  the  discovery  method, 
this  is  a good,  but  time-consuming  illustration  of  a topic  and  it  will  take  away  the 
time  needed  to  “explain  the  theory”.  Note  that  inquiry-based  teaching  is  not  an  ad- 
dition, but  a replacement  of  the  classical  method  - it  is  not  a change  in  the  content. 
In  this  approach,  “theory”  is  just  a conclusion,  a clear  statement  of  facts  discovered 
by  the  pupils  themselves.  Many  [25]  (not  only  constructivists)  agree  that  a child 
learns  better  - in  the  sense  of  understanding,  and  not  just  memorizing  of  facts  and 
learning  of  formal  manipulations  - if  it  is  actively  involved  in  the  learning  process. 
This  is  particularly  true  for  younger  children,  as  it  is  a commonly  known  fact  that 
children  are  concrete  learners  until  around  age  of  twelve.  Another  advantage  is  that 
with  this  style  of  teaching  is  much  easier  to  respect  the  differences  in  learning  style 
and  talents.  Also,  a general  tendency  [26]  in  mathematics  and  science  teaching 
is  to  develop  curricula  and  lessons  that  develop  the  problem-solving  skills,  and 
discovery-oriented  teaching  clearly  supports  the  development  of  these. 


Instead  of  a conclusion. . . 

...  a question  for  teachers: 

If  you  have  the  choice  between  a teaching  method  that  requires 

1)  little  effort,  since  you  and  everybody  uses  is  since  ages,  although  it  has 
proven  to  be  deficient  and  uninspiring  both  for  the  teacher  and  the  student 
and 

2)  some  effort,  mostly  because  it  is  new  and  there  are  not  yet  many  prepared 
teaching  materials  for  this  one,  but  promises  better  learning  outcomes  as 
well  as  more  fun  for  both  the  teacher  and  the  student, 

which  method  will  you  choose? 

We  end  this  paper  as  we  begun  - with  a quote  from  the  famous  Hungarian 
mathematician  George  Polya  (1887-1985): 

Mathematics  presented  in  the  Euclidean  way  appears  as  a systematic,  deduc- 
tive science;  but  mathematics  in  the  making  appears  as  an  experimental,  inductive 
science.  Both  aspects  are  as  old  as  the  science  of  mathematics  itself.  But  the  second 
aspect  is  new  in  one  respect;  mathematics  “in  statu  nascendi”,  in  the  process  of 
being  invented,  has  never  before  been  presented  in  quite  this  manner  to  the  student, 
or  to  the  teacher  himself,  or  to  the  general  public.  (George  Polya,  How  to  solve  it?, 
1945). 


describing  how  the  pupils  came  to  this  conclusion,  King  says:  He  taught  mathematics  on  weekdays 
with  less  enthusiasm  than  he  showed  on  Saturday  when  he  mowed  his  lawn. 
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Abstract.  Based  on  the  theory  of  social  constructivism,  on  the 
importance  of  the  environment  quality  and  on  children’s  self-motivation 
for  learning  by  doing,  the  paper  shows  the  simultaneous  development  of 
the  preschool  children’s  understanding  of  the  following  terms:  amount, 
number,  weight  and  their  relations  as  mathematical  categories.  In 
the  preschool  “Djecji  svijet”  in  Varazdin,  data  on  children’s  natural, 
practical  learning  of  basic  mathematical  terms  in  social  interactions 
with  other  children  and  preschool  educators  was  collected  and  inter- 
preted during  the  period  of  two  years  by  means  of  the  ethnographic 
method.  This  was  done  by  means  of  exploring  the  functioning  of  scales 
and  by  solving  practical  problems  that  occurred  spontaneously  during 
the  process  of  exploration.  Subsequent  continuous  joint  reflection  on 
ethnographic  data  by  educators  and  a pedagogue  enticed  professional 
dialogue  which  enabled  setting  up  and  applying  changes  in  the  material 
offer  for  the  children’s  exploration  and  problem  solving,  as  well  as 
changes  In  the  soclo-pedagogical  atmosphere  of  educational  groups. 
The  assumption  that  In  a high-quality  learning  environment  the  existing 
children’s  experiences  will  be  amplified  and  new  experiences,  ones 
which  would  help  children  better  understand  the  basic  mathematical 
terms,  will  be  gained  and  thus  make  a holistic  impact  on  all  aspects 
of  children’s  development,  was  confirmed.  The  observed  results 
show  direct  connection  between  the  quality  of  (social  and  physical) 
environment  and  the  quality  of  children’s  learning  and  understanding 
of  mathematical  terms.  The  materialization  of  children’s  thinking  and 
understanding  of  mathematical  terms  in  action,  as  described  and  inter- 
preted in  this  paper  by  means  of  a whole  range  of  practical  examples  of 
children’s  learning,  shows  that  the  environment  has  a positive  effect  on 
the  learning  process. 

Keywords:  preschool  child’s  learning  (process),  basic  mathe- 
matical terms,  learning  environment,  understanding  mathematics  in 
action 
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Abstract.  In  developmentally  appropriate  programs,  mathematics 
has  an  important  place.  Value  of  mathematics  can  be  seen  in  its 
presence  in  everyday  life.  Mathematical  concepts  such  as  numbers, 
measurements,  spatial  relations  etc.  are  close  and  accessible  for  pre- 
school children.  Considerately,  mathematical  activities  can  be  realized 
during  pre-school  period,  so  activities  for  supporting  development  of 
mathematical  skills  have  been  designed  within  children  project  named 
“Space”.  The  project,  which  lasted  for  three  months,  has  been  an 
opportunity  for  supporting  children’s  development,  including  mathe- 
matical skills,  as  it  has  showed.  The  aim  of  this  paper  is  to  present 
activities,  complementary  element  of  project,  which  supported  devel- 
opment of  children’s  mathematical  skills.  Children  have  been  observed 
and  narratives  about  their  engagement  in  activities  have  been  made, 
and  mathematical  tasks  according  to  their  developmental  abilities  have 
been  realized.  Children  gained  mathematical  concepts  through  games, 
different  activities  and  tasks,  and  autonomous  research. 

Keywords:  mathematics,  mathematical  skills,  pre-school  children, 
children’s  project 


Introduction 

Mathematics  is  an  essential  part  of  everyday  life.  In  appropriate  development 
programmes  it  has  an  important  place.  Slunjski  (2006)  states  that  development 
of  initial  mathematical  concepts  with  children  needs  to  be  in  accordance  with  de- 
velopment features  of  an  individual  child  and  features  of  the  learning  process  of 
a pre-school  child.  Mathematical  concepts  such  as  numbers,  measuring,  spatial 
relations  etc.  are  close  and  accessible  to  pre-school  children.  In  practice  this 
means  that  teaching  mathematics  starts  from  child’s  experience  with  application 
of  concrete  materials  that  children  will  get  to  know  (firstly  tactile  and  visual), 
play  with  them  and  then  compare,  count  and  classify. . . Cudina-Obradovic  (2002), 
Cudina-Obradovic  and  Brajkovic  (2009)  state  that  child’s  activity  is  very  important 
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in  a project.  In  the  course  of  the  project  children  make  decisions,  discuss,  explain 
and  justify  their  ideas  to  their  peers,  draw  conclusions  from  dana,  make  notes,  make 
suggestions  and  remarks  and  take  responsibility  for  their  work  and  achieved  results. 
Since  mathematical  activities  can  be  carried  out  in  the  course  of  the  pre-school  pe- 
riod, the  activities  have  been  created  that  motivate  mathematical  skills  within  the 
framework  of  the  project  “Space”.  In  the  course  of  three  months  children  acquired 
mathematical  concepts  through  games  and  independently  do  research  tasks. 


4.  Beginning  and  aim  of  the  project  “Space” 

The  project  started  in  an  older  educational  group  when  a boy  received  a telescope 
as  a gift  from  his  parents.  Every  day  he  was  talking  about  stars,  the  Moon,  the 
Sun  with  great  interest  and  enthusiasm.  He  also  brought  various  encyclopaedias 
on  space  in  the  group  and  other  children  participated  in  their  thorough  reasearch. 
In  no  time  we  visited  the  library  , borrowed  some  picture  books  and  books,  intro- 
duced parents  with  posters  on  Solar  system  and  starts.  The  children’s  living  room 
turned  into  the”space”.  By  following  the  children’s  interest  the  project  “Space" 
was  created  with  the  main  aim  to  meet  the  children’s  interest  in  space,  planets  of 
the  Solar  system,  space  ships,  astronauts  and  to  motivate  them  to  put  questions, 
research,  think  independently,  draw  conclusions,  widen  their  knowledge  of  space. 
The  paper  deals  also  with  mathematical  skills  and  abilities  that  children  achieved 
in  the  course  of  the  project.  Kirsten  et  al.  (2004)  state  that  mathematics  is  the 
basis  of  technological  progress  taking  place  in  the  world  today,  starting  from  the 
industrial  revolution  over  space  research  to  the  era  of  telecomunication  and  Inter- 
net. This  children  have  to  be  offered  mathematical  literacy.  Kindergarten  teachers 
should  help  children  become  aware  of  the  function  of  mathematical  concepts  and 
develop  mathematical  competence  in  direct  interaction  with  the  world  around  them. 
Kirsten  et  al.  (2004)  state  that  early  experience  in  mathematical  concepts  would 
fortify  the  basis  of  mathematical  thinking  and  good  basis  would  enable  children  to 
apply  mathematical  knowledge  in  practice  and  successfully  fit  into  technologically 
complex  global  community. 


5.  Material  gathering  and  initial  activities 

Children’s  curiosity  about  space  grew  together  with  the  development  of  the  project. 
Besides  books  they  searched  for  answers  through  autonomous  tasks  such  as  observ- 
ing phases  of  the  moon  comparing  them  in  colour,  size,  distance  from  the  Sun  and 
the  Earth.  During  the  project  a scene  play  emerged  under  the  title  “Sun’s  family” 
and  shadow  theatre  ( for  which  it  was  necessary  to  make  puppets-the  planets  and 
obtain  a plexiglass  plate  and  a spotlight).  The  scene  play  “Sun’s  Eamily”  was 
performed  at  an  international  meeting  of  kindergarten  theatre  groups  in  Podgorica, 
Montenegro,  with  the  help  of  a father  a visit  to  Planetarium  and  Technical  museum 
in  Zagreb  was  organised.  Gradually  the  families  joined  the  project  and  one  of  the 
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grandfathers  helped  us  build  a rocket.  Children  would  bring  into  the  rocket  dif- 
ferent items  such  as  telephones,  calculators,  different  boxes  to  make  control  board 
and  write  letters  and  numbers.  The  boxes  were  used  to  make  robots,  different 
space  ships  and  the  scale  model  of  solar  system.  During  these  activities  children 
learned  about  spatial  relations,  developed  and  spotted  directions  in  the  space  and 
the  concept  of  distance,  connected  items  and  notions  and  cause-effect  relations  be- 
tween them,  developed  principles  of  counting  and  geometrical  shapes,  researched, 
independently  solved  problem  tasks  and  acquired  knowledge. 


6.  The  course  of  the  project 

As  the  project  developed  it  was  possible  to  group  the  activities  into  the  research- 
cognitive  group,  activities  of  speech  and  literacy  development,  artistic-creative 
activities,  musical,  mathematical,  physical,  manipulative  and  social  games.  It  was 
very  often  difficult  to  group  the  activity  to  only  one  area  since  they  often  entwined. 
As  for  mathematics  the  following  activities  were  included:  counting,  comparing 
numbers,  introducing  spatial  relations,  comparing  and  classifying  objects. 

I.  Counting: 

1 . Mechanical  counting 

a)  Recognizing  numbers  and  their  sequence 

2.  Counting  by  grouping 

a)  Understanding  the  sense  of  counting 

(Game  example:  Who  will  gather  more  stars?  — Fluorescent  stars  are  put 
in  different  places  in  the  room.  The  room  is  darkened.  Children  sit  in  a 
circle  and  every  child  throws  a big  die  and  gathers  as  many  stars  as  the  die 
shows.  At  the  end  when  all  stars  are  gathered  every  child  counts  their  stars. 
The  child  with  the  most  stars  wins  the  game.) 

3.  Recognizing  numbers  and  grouping  according  to  the  quantity 
a)  Numbers  as  an  amount  of  items 

(Activity  and  game  example:  Stars  — making  cookies,  which  includes  mea- 
suring, scaling,  mixing,  shaping.  Children  are  offered  a recipe,  ingredients, 
digital  scale,  a bowl,  roll  and  star  moulds.  One  child  reads  a recipe,  the 
second  measures,  the  third  mixes  all  ingredients  and  they  together  make  a 
pastry  and  cut  with  a mould  stars,  take  them  to  the  kitchen  for  baking  and 
later  on  eat  them  and  offer  to  their  friends. 

Measuring  robot  — measuring  activity,  different  size  robot  toys  are  offered 
from  small  to  big.  Lego  blocks  for  measuring,  paper,  colours,  pencils.  Next 
to  the  robot  the  children  put  together  Lego  blocks  and  then  count  them  to- 
gether to  check  how  tall  the  robot  is.  The  child  writes  the  number  of  blocks 
next  to  the  robot  drawing. 

How  many  stars  are  there  in  the  sky?  — work  sheets,  attaching  numbers, 
spatial  relations.  Groups  with  different  numbers  of  stars  are  drawn.  The 
child  should  write  the  appropriate  number  next  to  the  group. 


Supporting  development  of  mathematical  skills 


177 


Draw  as  many  stars  as  it  says!  — colour  pencils,  pencils  are  offered  and 
the  child  should  draw  the  exact  number  of  stars  in  the  bubble.) 

II.  Comparing  numbers 

a)  Equal,  one  more,  one  less 

Comparing  the  size  of  the  group,  children  notice  the  differences. 

(Game  example:  Space-domino  — couloured  picture  cards  presenting  a 
rocket  or  two  planets  or  three  stars  or  one  sun.  It  is  played  as  domino. 
Memory  — stars  of  different  colours  and  with  a different  number  of  points; 
child  should  find  pairs,  it  is  played  in  pair.) 

b)  Comparing  numbers  “in  head” 

Without  counting  fingers  and  items  a child  should  say  which  number  is 
smaller  or  bigger. 

All  these  skills  and  knowledge  children  acquired  in  the  course  of  the  project  by 
moving  around  the  space,  handling  the  objects,  comparing  them  and  discovering 
their  features  and  comparing  quantities.  Parents  took  part  in  children’s  research  and 
offered  new  contents,  activities,  their  help  and  support.  The  aim  of  the  prepared 
work  sheets  was  to  focus  and  keep  children’s  attention,  understand  the  relations 
among  items,  comprehend  drawings  and  numbers  as  a substitute  for  real  items 
and  relations  in  the  environment,  understanding  and  memorizing  numbers  and 
their  connection  to  quantity,  gradual  adjustment  to  independence  and  persistence. 
Work  sheets  motivated  children’s  discussion  in  solving  the  tasks.  Their  work  and 
endeavour,  persistence  in  solving  the  tasks  were  regularly  praised. 

III.  Looking  into  the  spatial  relations 

During  the  projects  the  children  learned  about  spatial  relations,  relations 
among  items,  their  features. 

(Activity  and  game  example:  Planets  are  above  us  — observation  by  tele- 
scope, experience  in  Planetarium.  Planets  closer  to  and  further  from  the  Sun 
and  the  Earth  — observing  the  dictance  in  picture  books,  books,  encyclo- 
peadias,  posters,  finger  measuring,  ruler  and  paper  tape  measuring,  children 
think  of  the  ways  to  determine  the  planet  distance,  they  also  notice  that  some 
of  them  glow  more  than  the  others,  their  colours  change:  from  yellow  to 
red-  asking  whether  the  red  planets  are  warmer.  Planet  orbit  — planets  are 
rotated  on  the  black  circle  around  the  Sun  and  their  orbit  is  observed,  the 
scale  model  made  of  collage  paper  and  carton  with  a nail  in  the  centre  is 
made. 

IV.  Comparing  items 

(Activity  and  game  example  : Planets  — cut  pictures  of  planets,  planets 
made  of  styrofoam  ball,  comapring  their  sizes  and  put  in  order  according 
to  their  size  from  smaller  to  bigger  and  vice  versa,  styrofoam  is  painted 
in  appropriate  colours  of  the  planets  and  paper  planets  are  stuck  on  paper, 
they  make  scale  models,  put  them  in  order  according  to  their  distance  and 
sequence. 
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Day  and  Night  — motion  game,  one  child  gives  instructions  and  other  chil- 
dren listen  and  stop  moving  if  it  is  day  or  squat  when  night. 

In  posters  and  books  children  notice  features  of  the  planet  : warm  or  cold, 
big  or  small,  red  or  blue,  with  a ring  or  without  it. 

Solar  system-oppositions  — motivating  children  to  list  opposite  features 
in  solar  system  (small/big,  near/far,  warm/cold,  left/right,  up/down, 
high/low,  day/night. . .) 

Stars  of  different  size  — children  make  ascending  and  descending  sequences 
according  to  minimum  differences  for  features  required.  Stars  are  made  of 
paper  and  plastic.) 

V.  Classification  of  items 

a)  Categorizing  and  sorting 

Children  find  common  features  of  different  items  and  ways  to  categorize  and 
sort  them  (planets,  rockets,  aliens)  and  they  also  sorted  geometric  figures. 
(Activity  example:  Rocket  — work  sheet  with  the  task  to  colour  triangles 
yellow,  circles  blue,  rectangle  green,  the  rocket  is  drawn  out  of  geometric 
figures  parts. 

Stars  — find  the  pair,  stars  are  of  different  colours  and  with  different  number 
of  points,  children  find  pairs,  play  in  pairs  and  the  pair  that  collects  the  most 
wins. 

b)  Pairing  and  joining 

(Activity  and  game  example  — Electric  circuit  — joining  items  of  equal 
and  pertaining  features  (astronauts  with  rockets,  stars  and  sky,  astronomer 
with  telescope,  space  concepts  with  letters  — child  connects  pictures  with 
words,  the  light  glows  or  connects  the  picture  of  the  number  with  the  star  or 
planet  number) 

Conclusions 

Kirsten  et  al.  (2004)  state  that  mathematics  imbues  the  whole  human  experi- 
ence. In  every  culture  mathematical  concepts  are  used  in  everyday  life.  Mathemat- 
ics is  the  basis  of  stunning  technological  progress  taking  place  in  the  world,  which 
makes  it  necessary  for  our  children  to  offer  them  mathematical  literacy  and  good 
foundations  for  mathematical  thinking,  good  foundation  for  applying  mathematical 
knowledge  in  practice  and  fit  into  the  technologically  complex  global  community. 
Main  assumption  of  the  project  is  that  children  observe,  question,  research  and  take 
specific  activities  connected  to  the  topic  and  thinh  independently,  draw  conclusions 
and  widen  their  knowledge  activating  thereby  their  potential  and  developing  nu- 
merous abilities.  Working  on  the  project  on  space  I learned  and  researched  together 
with  children.  I was  often  surprised  by  their  questions  and  ways  they  arrived  at 
conclusions  and  how  focused  they  were  in  research  and  the  problem.  After  having 
systematized  the  activities  I became  aware  of  how  many  areas  of  child  develop- 
ment one  project  can  include  and  of  the  mathematical  activity  significance  in  child 
development. 
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Abstract.  The  manipulative  tools  are  very  important  because  they 
make  abstract  mathematical  concepts  possible  to  understand  through 
concrete  activities. 

First  Bruner  and  Dienes  tried  on  the  children  of  their  university 
colleagues  the  application  of  such  tools  with  which  one  can  discover 
algebraic  connections.  Due  to  their  success  and  research  the  application 
of  manipulative  tools  became  generally  accepted. 

Hypothesis: 

There  are  children,  also  very  talented  ones,  for  whom  mathemati- 
cal plays  and  mathematical  contents  within  the  plays  are  unaccessible 
because  of  their  basic  deficiencies. 

Wer  examined  our  hypothesis  with  qualitative  methods. 

We  disclosed  the  deficiencies  during  developing  classes  and  we 
constructed  didactic  methods  to  cease  them. 

1 . Non-mathematical  plays  to  acquire  experience  relating  to  values 
of  dice  and  cards 

2.  Mathematically  relevant  tasks  to  be  done  by  objects 

The  application  of  tools  made  to  help  learning  Mathematics  (Di- 
enes set,  coloured  rods,  logics  set)  really  does  not  require  background 
knowledge  of  Mathematics  from  the  students,  but  quite  a high  level  of 
symbolic  thinking  is  needed.  This  is  ususally  acquired  during  family- 
and  kindergarden  games  by  children,  however,  there  are  exemptions, 
too,  first  of  all  socially  disadvantaged  children.  We  carried  out  our 
observations  among  children  from  8 to  10  years  old. 


Manipulative  tools  and  mathematics  education 

Using  manipulative  tools  has  a long  history  in  mathematics  education.  Now  we 
can  use  virtual  manipulative  tools.  For  example,  see  http : //www . ct4me . net/ 
mathjnanipulatives  .htm.  Physical  manipulatives,  however,  have  not  lost  their 
importance. 
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How  does  one  use  manipulative  tools  to  help  better  understand  mathematical 
concepts  and  to  develop  problem-solving  skills?  Piaget  (1962)  noted  the  role  of 
objects  in  mathematical  learning;  Vygotsky  (1962)  stressed  the  relationship  of 
learning  to  society.  Cole  (no  date)  demonstrated  how,  in  practice,  these  views  are 
not  in  conflict:  they  can  be  combined  to  an  acceptable  degree. 

Bruner’s  Learning  Theory  (Bruner,  1966)  was  enriched  by  important  new  ideas 
in  mathematics,  both  being  didactic  - that  new  knowledge  is  arranged  in  two  ways 
(Bruner,  1991).  The  first  is  the  narrative  mode,  which  addresses  the  history  of 
knowledge  acquisition;  the  other  one  is  the  logical  approach,  which  is  based  on  a 
logical  categorization.  Equally  important,  it  can  be  said,  is  the  theory  of  modes  of 
representation  (1966).  Bruner  proposed  three  modes  of  representation:  enactive 
representation  (action-based),  iconic  representation  (image-based)  and  symbolic 
representation  (language-based).  The  parallel  processes  of  learning  formulated 
by  Paivio  and  Clark  (1991)  correlate  a dual  coding  theory.  Visual  and  verbal 
information  complement  each  other. 

Bruner’s  theory  was  refined  by  Nakahara  (2008): 

• S2.  Symbolic  representation 

Representations  used  in  mathematical  notation,  such  as  numbers,  letters, 
and  symbols 

• SI.  Linguistic  representation 

Representations  that  use  everyday  languages  such  as  Japanese  or  English 

• Illustrative  representation 

Representations  that  use  illustrations,  figures,  graphs  and  so  on 

• E2.  Manipulative  representation 

Representations  such  as  teaching  aids  that  work  by  adding  the  dynamic 
operation  of  objects  that  have  been  artificially  fabricated  or  modeled 

• El.  Realistic  representation 
Representations  based  on  actual  states  and  objects 

These  levels,  having  been  determined  by  Bruner  and  Nakahara,  show  the  na- 
ture of  representative  modes,  but  not  at  the  level  of  problem-solving.  One  can 
also  present  difficult  problems  for  students  in  the  frame  of  realistic  representa- 
tion. Bishop  (whose  research-interest  involves  the  social  and  cultural  aspects  of 
mathematics  education)  paid  more  attention  to  models;  he  said  the  real  world  has  a 
mathematical  model,  and  every  mathematical  concept  has  a corresponding  physical 
correlate  (Bishop,  1988). 


Hypothesis 

There  are  children,  often  quite  talented,  for  whom  mathematical  plays  and 
mathematical  contents  within  plays  are  inaccessible  because  of  their  basic  know- 
ledge deficiencies.  Eor  them,  realistic  representation  is  a great  aid,  as  it  is  indepen- 
dent of  any  intellectual  aptitude. 
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Experiences  in  muitigrade  schoois  in  Hungary  and  in  Kenya 

We  examined  our  stated  hypothesis  with  qualitative  methods.  Photographs  of 
the  work,  educational  resources,  and  teachers’  and  students’  written  reflections  are 
part  of  our  research;  they  can  be  viewed  at  the  conference  website. 

Our  goal  was  to  help  disadvantaged  students  play  these  math  games  because 
we  wanted  to  offer  the  same  experience  for  unpriveldged  students  than  were  offered 
to  students  from  middle-class  famalies.  Studies  were  carried  out  for  students  8-9 
years  of  age. 

Method:  Real  objects  as  manipulative  tools 

a.  We  wanted  to  show  the  symbolic  value  of  certain  objects.  We  used,  dice, 
cards,  etc.  We  also  at  times  utilized  drawing  and  writing  as  symbolic  activity. 

b.  Many  of  the  learning  tools  were  used  to  help  in  the  understanding  of  math- 
ematical concepts  and  relationships.  We  did  not  use  standard  educational 
tools,  although  they  are  important.  We  believed  tools  that  are  designed  to 
promote  the  abstraction  of  mathematical  concepts  require  a relatively  high 
level  of  symbolic  thinking,  yet  we  wanted  to  build  on  foundations.  Our 
tools  were  familiar  to  the  children:  for  example,  certain  objects  are  found 
in  the  kitchen. 

The  common  plan  of  the  experimental  lessons: 

1 . Presentation  by  computer 

2.  Problem  solving  and  hands-on  activity  through  real  objects 

3.  Story  telling:  What  happened  at  the  lesson? 

Examples 

Our  tested  presentations 

1 . Glasses,  and  about  measuring 

2.  Excursion,  and  practicing  spatial  orientation 

3.  In  the  past:  of  Egyptian  number  writing  and  first  steps  to  proofs 

4.  Traveling,  and  about  data  handling 

5.  Polyhedrons 

Glasses,  and  about  measuring 

Aim:  To  learn  how  to  measure  and  compare  objects  while  involving  concepts 
of  capacity.  Our  goal  is  to  teach  children  how  to  connect  their  everyday  life  ex- 
periences to  mathematics.  Everyone  feels,  e.g.,  one  needs  a longer  time  to  fill 
a container  by  a small  glass  than  by  a bigger  one.  In  this  unit,  we  translate  our 
experiences  into  the  language  of  numbers.  Necessary  tools:  Water  or  sand,  bowls, 
pots,  small  and  larger  glasses.  Requirements:  To  get  qualitative  and  quantitative 
experiences.  Evaluation:  The  beginner  level  is  to  know  that  a longer  time  is  needed 
to  fill  a container  by  a smaller  glass  than  by  a larger  one.  The  advanced  level  is  to 
understand  how  to  solve  word  problems  on  the  topic  of  measuring. 


Real  Objects  and  Problem  Solving  in  Mathematics  Education 


183 


Excursion,  and  practicing  spatial  orientation 

Aim:  To  move  spatially  in  three  directions.  Our  aim  is  to  use  words  to  de- 
scribe the  directions.  Necessary  tools:  Clay  and  sticks,  chairs  (as  cars),  and  a little 
space  to  draw  a simple  junction  for  ‘cars’.  Requirements:  Describing  direction. 
Evaluation:  The  beginner  level  is  to  know  which  arm  is  the  left  and  which  is  the 
right.  The  advanced  level  is  to  use  directions  properly  even  when  in  motion. 

In  the  past:  of  Egyptian  number  writing  and  first  steps  to  proofs 

Our  aim  is  to  offer  experiences  for  using  new  symbols  and  to  help  children 
develop  a deeper  understanding  for  number  writing.  Necessary  tools:  Paper  and 
pencils  (or  clay  or  sand)  for  drawing.  Requirements:  Using  simple  symbols,  stat- 
ing “Why?”  questions.  Evaluation:  The  beginner  level  is  to  read  the  numbers 
written  in  the  Egyptian  number  system.  The  advanced  level  is  to  multiply  numbers 
by  duplication. 

Traveling,  and  about  data  handling 

Our  aim  is  to  show  simple  examples  of  applied  mathematics  by  collecting 
data  (or  producing  data  by  rolls  of  the  dice) . Also,  we  intended  to  help  students 
understand  how  to  better  solve  word  problems.  Necessary  tools:  Timetables  and 
price  lists  for  traveling  (or  an  expert  who  can  give  such  information),  dice.  Re- 
quirements: Using  numbers  to  solve  everyday  problems.  Evaluation:  The  beginner 
level  is  to  put  data  in  the  right  place  in  the  tables.  The  advanced  level  is  to  pose 
questions  and  estimate  fees;  and  to  calculate  everything  correctly  on  the  basis  of 
collected  data. 

Polyhedrons 

Our  aim  is  to  help  students  understand  the  concept  of  polyhedrons.  Necessary 
tools:  Clay  and  sticks,  and  boxes,  bricks,  and  stones.  Requirements:  Describing 
direction  through  the  physical  objects  of  cube  and  brick.  Evaluation:  The  beginner 
level  is  to  count  the  edges,  the  peaks  and  faces  of  a shape.  The  advanced  level  is  to 
solve  more  difficult  problems  specific  to  polyhedrons. 


Conclusion 

Students  were  happy  to  solve  their  tasks.  Eor  us,  it  was  surprising  that  some 
were  not  previously  aware  of  the  dice  and  hand’t  played  board  games.  The  activi- 
ties gave  students  a lot  of  experience  in  using  symbols.  We  started  to  play  further 
games  using  math  teaching  tools,  and  the  educational  experience  for  the  students 
was  enhanced. 

Each  student  progressed  in  terms  of  their  math  skills;  among  them,  the  more 
gifted  students  were  able  to  solve  more  difficult  problems. 
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Abstract.  Children’s  rights  and  inclusive  education  is  the  topic 
that  has  the  ability  to  increase  the  significance,  power  and  rights  in 
education.  (Hart,  S.,  2001) 

Modern  governments  take  the  responsibility  for  the  education 
of  all  children.  Special  attention  is  given  to  the  abilities  and  needs 
of  children  through  individualized  approaches,  adapted  or  specialized 
programs  together  with  the  indispensable  role  of  the  parents  of  all 
children  and  the  active  participation  of  class  mates  at  school  in  order 
to  promote  the  right  to  curriculum',  which  is  focused  on  the  pupil 
(Garner,  Dietz,  1996). 

For  the  last  thirty  years,  adapted  programs  and  individualized 
practice  in  Croatian  schools  has  been  created  and  applied  in  different 
ways. 

“Adapted  program  is  a program  appropriate  for  basic  charac- 
teristics of  the  child’s  disability,  and  usually  involves  reduction  in 
the  intensity  and  extensity  when  choosing  teaching  contents  that  are 
enriched  with  specific  methods,  means  and  aids.  Adapted  program 
is  prepared  by  a teacher  in  cooperation  with  the  defectologist  of  ap- 
propriate specialization  with  permanent  or  occasional  involvement  in 
rehabilitation  programs  of  specialized  organizations”  (Regulations  on 
elementary  education  of  students  with  disabilities,  NN,  23/1991). 

Every  adjustment  which  serves  its  purpose,  and  that  is  to  give 
opportunity  and  possibility  to  a child  in  an  inclusive  class  with  its 
peers,  through  individual  approach,  to  develop  its  knowledge  and 
skills,  and  to  make  him/her  competent  for  the  next  level  of  education 
or  employment,  is  a good  adjustment. 


* Curriculum  is  organized  arrangement  of  the  learning  process  and  content  according  to  the 
specific  goals  and  objectives  (Knoll,  J.  accPastuovic,  1999. )The  curriculum  is  the  developmental 
pedagogic-educational  cycle,  which  has  its  own  laws  and  governs  concrete  learning  activities 
answering  the  questions:  What,  Who,  the  what,  how,  in  what  time,  how  effective,  how  effective  for 
the  children. 
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In  this  paper,  nine  ways  of  adjustment  will  be  described  (De- 
schenes,  Ebeling  and  Sprague,  1994).  Also,  types  and  examples  of 
adjustments  that  can  be  implemented  in  mathematics  will  be  explained. 

Planning  in  the  educational  system  has  not  yet  reached  a satis- 
factory level  so  changes  in  planning  of  work  for  children  with  special 
educational  needs  are  necessary. 

Keywords:  nine  ways  of  adjustment,  mathematics,  students  with 
disabilities 


References 


[1]  Deschenes,  D.;  Ebeling,  D.;  Sprague,  J.  (1994),  Adapting  Curriculum  and  In- 
struction in  Inclusive  Classrooms,  A Teacher’s  Desk  Reference. 

[2]  Garner,  H.;  Dietz,  L.  (1996),  Person-Centered  Planning:  Maps  and  Paths  to  the 
Future,  Reprinted  with  permission  Four  Runner,  a publication  of  the  Severe  Disabil- 
ities Technical  Assistance  Center  (SD  TAG)  at  Virginia  Commonwealth  Unversity, 
Vol.  11(2),  1-2. 

[3]  Hart,  S.  I SUR.  (2001).  Children’s  Rights  in  Education,  London:  Jessica  Kingsley 
Publishers. 

[4]  Krampac-Grljusic,  a.;  Lisak,  N.;  Zic  Ralic,  A.  (2010),  Sto  ucitelji  misle  o ulozi 
asistenta  u nastavi?  Unapredenje  kvalitete  zivota  djece  i mladih.  Tuzla:  OFE  - SET, 
67-78. 

[5]  Krampac-Grljusic,  A.;  Marinic,  I.  (2007),  Posebno  dijete:  prirucnik  za  ucitelje  u 
radu  s djecom  s posebnim  obrazovnim  potrebama,  Osijek:  Grafika. 

[6]  Krampac-Grljusic,  A.;  Mihanovic,  V.  (2010),  Teorijski  i prakticni prikaz primjene 
alata  osobno  usmjerenog  planiranja,  8.  Kongres  s medunarodnim  sudjelovanjem: 
Ukljucivanje  i podrska  u zajednici.  Varazdin. 

[7]  Ministarstvo  znanosti,  obrazovanja  i sporta  (2006),  Nastavni  plan  i program  za 
osnovnu  skolu.  Republika  Hrvatska.  str.  15-16. 

[8]  Pastuovic,  N.  (1999),  Edukologija:  integrativna  znanost  o sustavu  cjelozivotnog 
obrazovanja  i odgoja,  Zagreb:  Znamen. 

[9]  Perner,  D.  (2005),  Indivudualni  ucenicki  plan,  Prirucni  materijal  s medunaro- 
dnog  seminara  za  ucitelje  i ravnatelje  model  skola  “Razvoj  obrazovanja  za  djecu  s 
teskocama  i djecu  u riziku”.  Bee:  OECD. 

[10]  Pravilnik  o osnovnoskolskom  odgoju  i obrazovanju  ucenika  s teskocama  u razvoju, 
Narodne  novine,  23/91. 

[11]  Ujedinjeni  narodi  (2006).  Konveneija  o pravima  osoba  s invaliditetom  & Eakultativni 
protokol  uz  konveneiju,  Zagreb:  Povjerenstvo  Vlade  Republike  Hrvatske  za  osobe  s 
invaliditetom.  Ministarstvo  obitelji,  branitelja  i medugeneracijske  solidarnosti. 

[12]  UNESCO  (1994).  The  Salamanca  statement  and  framework  for  action  on  special 
needs  education.  World  conference  on  special  needs  education:  access  and  quality. 
Salamanca,  Spain,  7-10  June,  2004. 


Adaptation  of  teaching  units  in  mathematics  for  pupils  with  disabilities 


187 


Contact  addresses: 
Ivana  Pavlekovic,  teacher 
Elementary  school  Ljudevit  Gaj 
Krstova  ulica  99,  HR  31  000,  Osijek 
e-mail:  ipavlekovicOhotmail . com 

Ivana  Duvnjak,  psychologist 
Elementary  school  Ljudevit  Gaj 
Krstova  ulica  99,  HR  31  000,  Osijek 
e-mail:  ivana_duvnjak@yahoo.com 

Aleksandra  Krampac-Grljusic 
student  of  postgraduate  studies 
“Prevention  Science  and  Disability  Studies” 
Faculty  of  Education  - Rehabilitation  Medicine 
University  of  Zagreb 
Elementary  school  Ljudevit  Gaj 
Krstova  ulica  99,  HR  31  000,  Osijek 
e-mail:  grljusic@os.t-com.hr 


188 


The  3"‘*  International  Scientific  Colloquium 
MATHEMATICS  AND  CHILDREN 


Play  - a way  towards  mathematical 
competence 


Sanja  Basta^  and  Diana  Mesic^ 

'Primary  school  22.  lipnja,  Sisak,  Croatia 
^Primary  school  Viktorovac,  Sisak,  Croatia 


Abstract.  The  methodic  of  initial  maths  instruction  is  a scientific 
discipline  which  studies  mathematical  upbringing  and  education  in  the 
first  four  grades  of  primary  school  so  in  it  learners  aquire  the  initial 
mathematical  literacy.  It  is  characterised  by  content  of  high  level 
of  abstraction  and  most  commonly  learners  can’t  realize  it  through 
experience.  At  this  age  child  is  capable  of  logical  thinking,  but  only 
if  the  thought  is  based  on  the  action  with  concrete  objects.  Thus,  in 
our  schools  we  find  ways  of  thoughtful  and  efficient  unification  of 
learning  and  mathematical  play  because  games  attract  learners,  moti- 
vate them  and  develop  their  abstract  thinking  and  logical  deduction. 
By  learning  maths  through  play  a child  aquires  abilities  and  knowledge 
of  mathematical  content  and  has  fun  at  the  same  time.  In  didactically 
mathematical  games  diverse  operations  from  multiple  areas  are  united 
although  reflective  operations  should  be  given  priority  so  learner’s  wit, 
acumen,  combinatorics  and  creativity  are  seen.  The  content  of  play  is 
extracted  from  the  maths  curriculum  so  we  can  conclude  that  its  effect 
is  a sign  of  successful  realization  of  the  same  curriculum  in  the  initial 
maths  instruction.  In  the  design  and  realization  of  didactical  play  in  the 
maths  classes  role  of  the  class  teacher  is  significant  and  in  that  process 
his  or  her  creativity,  systematicity  and  inovativeness  comes  forth. 

In  this  work  didactic  games  which  are  most  often  used  in  the  maths 
classes  are  presented  and  also  teachers’  attitudes  towards  application 
of  didactical  play  in  the  maths  classes. 

Keywords:  initial  maths  instruction,  role  of  didactic  play,  class 
teacher 


Role  of  didactic  play  in  the  initial  maths  instruction 

Methodic  of  initial  maths  instruction  is  a discipline  which  studies  mathemat- 
ical education  and  upbringing  in  junior  grades  (the  first  four)  of  primary  school 
and  it  possesses  features  which  differentiate  it  from  the  following  levels  of  mathe- 
matical schooling.  In  the  initial  maths  instruction  educational  contents  are  taught 
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through  planning  and  organisation,  often  without  immediate  contact  with  reality, 
but,  although  a child  at  this  age  is  able  to  think  logically,  that  thought  still  has  to 
be  based  on  the  activities  with  concrete  objects.  In  the  initial  maths  instruction 
educational  achievements  are  related  to  spotting  processes,  initial  understanding, 
differentiation  and  nomination  of  fundamental  concepts  which  form  the  contents 
of  maths  as  a subject  and  on  which  maths  instruction  on  higher  levels  is  grounded. 
Maths  instruction  is  mostly  directed  towards  the  abilities  of  solving  mathematical 
operations  and  in  doing  so  it  neglects  “the  crucial  abilities  such  as  abstract  thinking, 
logical  reasoning,  solving  problem  tasks,  the  ability  to  interpret  graphic  displays” 
(Duranovic,  Klasnic,  2009).  By  learning  maths  on  concrete  objects  and  solving 
real  problems  pupils  will  acquire  knowledge  and  skills  which  allow  them  to  suc- 
cessfully implement  maths  in  daily  life  and,  by  doing  so,  appreciate  the  importance 
of  maths  in  their  own  lives.  Mathematical  competence  relates  to  pupil’s  qualifica- 
tion for  developing  and  applying  mathematical  thinking  in  problem  solving  in  a 
number  of  everyday  situations.  Thus,  they  will  become  active  participants  in  the 
learning  process  and  also  prepared  for  learning  throughout  their  lives.  In  Croatian 
contemporary  school  we  hope  to  take  care  of  mathematical  competences  develop- 
ment because  research  from  2008.  (Baranovic  and  others,  2008)  has  shown  that 
the  biggest  accent  in  maths  instruction  is  on  solving  mathematical  exercises  and 
development  of  logical  thinking,  less  so  on  the  use  of  maths  in  everyday  life  and 
the  development  of  critical  thinking  about  mathematical  conceptions  and  actions. 

According  to  Glasser’s  Quality  school  successful  school  work  meets  four  basic 
human  needs  - knowledge,  power,  love  and  fun  (Glasser,  2005).  Fun  is  pleasant, 
joyful  and  appealing  for  pupils  and  it  is  easily  implemented  in  teaching  through 
play  because  it  creates  a positive  emotional  experience.  Marzollo  and  Lloyd  (1972, 
ace.  to  Sharma,  2001,  p.  124)  think  that  through  play  pupils  learn  how  to  “concen- 
trate their  attention,  practice  visualization,  practice  adult  behaviour  and  develop 
the  sense  of  control  over  its  own  world”.  As  a fun  activity  each  game  has  its  own 
content  by  which  it’s  usually  named.  Since  in  teaching  we  mostly  study  reality, 
games  can  be  divided  according  to  subjects,  so  we  differentiate  between  language, 
music,  technical,  historical,  geographical  and  mathematical  games.  Mathematical 
games  instigate  mathematical  thinking  and  mental  activity.  “Although  maths  is  not 
a game,  many  games  are  related  to  maths  and  many  mathematical  topics  can  be 
described  and  explained  in  a fun  way,  often  through  play”  (Bruckler,  2010,  p.  57). 

A game  can  be  created  according  to  the  activity  areas  - sensory,  manual, 
expressive  or  reflective.  According  to  Jurasic  (2010),  some  mathematical  games 
encourage  logical-mathematical  intelligence  development  (numbers)  and  some  the 
development  of  visual-spatial  intelligence  (geometry) . Didactic  play  unites  several 
operations  from  many  areas,  but  the  advantage  should  be  given  to  contemplative 
operations  in  order  to  express  pupils’  ingenuity,  acumen,  combinatorics  and  creativ- 
ity. In  play  “pupil  creates  models  which  he/she  understands  and  likes,  ones  he/she 
can  later  efficiently  use  to  understand  abstract  mathematical  ideas”  (Sharma,  2001, 
p.  124).  Exactly  that  holds  the  specificity  of  play’s  didactic  significance.  Con- 
sidering the  fact  that  didactic  play  derives  from  teaching  content,  its  task  and  goal 
are  submitted  to  aims  and  goals  of  a concrete  curriculum  - acquisition  of  certain 
knowledge  and  development  of  certain  abilities.  Some  didacticians  advise  the  play 
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to  be  incorporated  into  harder  parts  of  the  teaching  process.  In  which  part  of  the 
teaching  process  will  teacher  apply  play  depends  on  the  teacher’s  judgement  itself, 
his/her  creativity,  systematicness  and  innovativeness.  Before  playing  the  game 
itself,  teacher  presents  the  content  of  the  game,  explains  its  tasks,  nominates  and 
describes  the  used  tools,  demonstrates  the  execution  of  the  game  as  a whole  and  in 
detail,  explains  the  regularity  of  individual  procedures  and  warns  about  the  game’s 
rules.  Because  they  are  interesting  and  competitive,  didactic  games  will  motivate 
pupils  to  verbalize  ideas,  devise  appropriate  solutions  and  strategies  in  the  game 
and  in  such  a way  spend  a lot  more  time  (’willingly’)  with  maths  and  mathematical 
concepts. 

Every  game,  didactic  as  well,  is  executed  by  rules  established  in  advance.  In 
such  a way  the  relation  with  the  object  of  the  game  and  other  players  is  regulated 
and  adjusted  - correctness,  tolerance,  fairness,  equity.  Following  the  rules  of  the 
game  contributes  to  quality  socialization  in  communication.  Pupils  have  to  “com- 
bine and  mentally  strain  themselves  in  order  to  play  the  game  to  the  end,  they  have 
to  control  themselves,  learn  how  to  win  a game,  but  lose  as  well”  (Durovic  and 
Durovic,  1984,  p.  25). 

The  final  effect  of  didactic  play  is  acquisition  of  abilities  and  knowledge  of  the 
game’s  content,  with  the  additional  acknowledgement,  praise  and  also  a high  mark 
for  the  best.  Because  the  game’s  content  is  derived  from  the  curriculum,  its  effect 
is  the  indicator  of  the  curriculum  realisation  efficiency. 


Teacher’s  role 

Play  application  is  a great  challenge  and  requirement  for  pupils  as  well  as  for 
the  teacher.  Pupils  are  expected  to  be  careful  and  patient,  memorise  the  rules  of  the 
game  and  solve  problems.  In  the  use  of  the  game  the  teacher’s  role  is  also  great 
because  didactic  game  should  have  its  justification  in  the  teaching  process  - for 
exercising  and  application  of  taught  mathematical  contents  and  automatisation  of 
certain  mathematical  operations.  Didactic  play  is  not  introduced  into  initial  maths 
instruction  because  of  playing,  but  because  of  more  successful,  more  permanent 
and  also  easier  learning.  Nevertheless,  according  to  Sharma  (2001),  most  teachers 
introduce  play  into  their  teaching  solely  as  additional  activity  which  serves  greater 
pupils’  motivation  and  relaxation.  Apart  from  the  game  planning  and  knowing  the 
moment  and  the  aim  for  which  it  will  be  applied,  teacher  has  to  prepare  necessary 
material  and  plan  the  duration  of  the  game  well. 

By  using  play  in  maths  instruction,  through  cinestetical-mathematical  activity, 
teacher  provides  pupils  with  a break  from  solving  exercises.  Games  are  often  com- 
petitive, which  additionally  refreshes  the  class  and  motivates  pupils  into  logical 
thinking  and  fast  reasoning.  In  planning  and  preparing  didactic  play  for  maths 
instruction  teacher  should  use  appropriate  teaching  methods,  forms  of  work  and 
teaching  tools  which  encourage  pupils  to  work  creatively  and  cooperatively.  The 
results  of  research  (Arambasic  and  others,  2005)  have  shown  that  teachers  should 
be  provided  with  backup  in  order  to  develop  their  positive  attitudes  and  belief  about 
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maths  and  they  should  be  directed  towards  the  selection  of  the  most  appropriate 
teaching  methods  for  their  students. 

According  to  Sharma  (2001),  all  types  of  didactic  games  can  be  divided  into 
three  big  categories:  manipulative,  representative  and  structured  games  with  rules. 
In  a manipulative  game  child  develops  its  logical-mathematical  experience  which 
becomes  the  foundation  of  meaningful  learning  and  intensifies  its  cognitive  growth. 
In  representative  play  pupil  uses  the  imagination  which  is  an  important  component 
of  abstract  thinking  development  at  older  age  because  he/she  “devises  games, 
composes  models,  and  creates  a necessary  starting  point  for  transition  towards  the 
abstract  by  using  touch  and  visual  perception”  (Duranovic,  Klasnic,  2009).  In 
structured  games  pupil  “learns  how  to  follow  a sequence  of  instructions,  directly 
develops  mathematical  skills,  mathematical  and  spacial  thinking,  strengthens  the 
taught  mathematical  conceptions,  actions  and  facts”  (Sharma,  2001,  p.  124). 

In  constructing  quality  didactic  play  teacher  uses  the  available  literature,  vari- 
ous media  (for  preparation  and  execution) , informative  centres,  but  mostly  shows 
(alongside  methodical  and  didactic  knowledge)  ingenuity,  creativity  and  experi- 
ence. 


Teachers’  opinions  about  the  impiementation  of  didactic  piay 
in  maths  instruction 

94  junior  grades  teachers  participated  in  the  November  2010  research  imple- 
mented in  the  professional  gathering  of  the  County’s  professional  council  in  Sisak. 
Most  of  the  teachers  who  participated  in  the  survey  were  highly  qualified  (56 
teachers  - 60%). 

In  the  first  figure  it’s  visible  that  all  the  participants  in  the  survey  apply  play 
in  maths  instruction  and  70  of  them  (74%)  apply  it  once  a week. 


Figure  1.  How  often  do  you  implement  play  in  maths  instruction? 

Teachers  apply  didactic  games  in  equal  percentage  in  the  introductory  and 
finishing  part  of  the  class,  during  revision  or  practise.  None  of  the  teachers  use 
didactic  play  in  the  main  part  of  the  period.  65%  of  the  teachers  use  mathematical 


192 


Sanja  Basta  and  Diana  Mesic 


games  without  aids  and  materials  more  often  and  35%  state  that  they  use  a cube 
and  dice,  cards,  dominos  or  other  social  games. 

Games  most  often  applied  in  maths  instruction,  according  to  the  frequency 
of  appearance  in  the  survey,  are:  dice  games,  napping,  dominos,  memory,  pulling 
numbers  out  of  a hat,  darts,  raffle,  bingo  and  jigsaw. 


□ individually 

□ school  gathering 

□ county  gathering 

□ state  gathering 


Figure  2.  Teachers’  opinion  about  the  level  of  professional  training  which 
they  consider  will  strengthen  their  mathematical  competencies 

According  to  Figure  2,  teachers  consider  that  individual  professional  training 
will  help  them  in  strengthening  mathematical  competencies  and  application  of  di- 
dactic play  in  teaching  the  most  (47  teachers) . Professional  training  on  the  county 
level  follows  (28  teachers). 

In  the  questionnaire  teachers  had  the  possibility  to  write  what  they  think  of  the 
implementation  of  didactic  play  in  the  initial  maths  instruction.  Here  are  some  of 
their  opinions: 

/ Mathematical  games  are  useful  because  they  develop  pupils’  creativity, 
games  help  pupils  memorise  things  faster  and  easier. 

/ YES  for  games  because  it’s  been  proven  long  ago  that  play  gives  the  most 
quality  learning  and  long-lasting  memory. 

/ Interesting  games  motivate  pupils  for  (new  and  old)  teaching  material,  give 
self-confidence  and  the  possibility  of  active  participation  for  each  pupil. 

/ Didactic  mathematical  games  aren’t  recommendable  - they  are  NECES- 
SARY! 

/ Mathematical  games  refresh  the  teaching  and  connect  maths  to  real  life. 

/ Didactic  games  help  the  student  accept  maths  as  something  real  and  useful. 

Examples  of  chosen  didactic  games 

Some  of  the  most  often  used  didactic  games  in  maths  instruction  by  the  junior 
grades  teachers  in  Sisak  are  described  here  (Eigure  3): 

1 . Dice  game 

2.  Pulling  numbers  out  of  a hat 
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3.  Bingo 

4.  Jigsaw 

5.  Napping 

6.  Memory 

7.  Darts 


dice 

game 

pulling 
numbers 
out  of 

bingo 

jigsaw 

napping 

memory 

darts 

a hat 

Slika  3.  Didactic  games 


1.  Dice  game 

Pupils  throw  a dice  and  call  out  the  number  of  dots.  If  they  have  two  dice 
they  can  practise  addition  and  subtraction,  and  if  they  have  three  or  more  dice  they 
practice  addition  or  multiplication  with  two  dice. 

2.  Pulling  numbers  out  of  a hat 

Pupils  call  out  the  pulled  numbers.  If  the  numbers  are  three-dimensional, 
first  they  recognize  them  with  their  eyes  closed  (sense  of  touch).  Then  they  put 
the  numbers  on  the  blackboard.  In  combination  with  the  numbers  that  follow, 
mathematical  exercise  is  created  (numeric  phrase  or  mathematical  story). 

3.  Bingo 

Bingo  is  a game  similar  to  lotto.  It’s  mostly  implemented  in  the  first  or  second 
grade  because  of  the  numeric  sequence  to  20  and  later  with  numbers  to  50  or  100. 
It  can  be  played  individually  or  in  a group. 

Individually  - material:  notebook,  pencil,  number  cards 

Course  of  the  game:  each  pupil  draws  a table  with  six  fields  and  writes  a num- 
ber in  each  field.  Numbers  mustn’t  be  repeated  twice  in  the  same  table.  Teacher 
pulls  out  number  cards  and  calls  out  the  number  and  pupils,  who  have  it  in  their 
table,  cross  them  out.  The  pupil  who  crosses  out  all  6 numbers  calls  out  “BINGO” 
and  he/she  is  the  winner. 

In  a group  - material:  blackboard,  chalk,  number  cards 

Course  of  the  game:  class  is  divided  into  two  groups.  On  the  board  they  draw 
two  tables  with  6 fields.  Pupils  from  both  groups  say  the  numbers  which  teacher 
writes  on  the  board.  Pupils  from  each  group  pull  out  the  numbers  alternately  and 
the  pulled  numbers  are  crossed  out  in  both  tables  on  the  board.  The  group  which 
crosses  out  all  the  numbers  first  is  the  winner. 
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4.  Jigsaw 

There  is  an  exercise  in  each  square.  Exercises  are  supposed  to  be  calculated, 
put  on  the  solutions  carton  with  the  result  facing  the  carton.  On  the  back  of  each 
card  there  is  a picture.  If  all  the  exercises  are  properly  calculated,  the  correct 
drawing  is  composed  in  the  end. 

5.  Napping 

Pupils  sit  with  their  heads  on  the  desks  (’napping’).  Teacher  walks  and  pro- 
nounces the  numeric  phrase.  Pupil  that  is  touched  by  the  teacher  has  to  repeat  the 
phrase  and  say  the  result.  If  it  is  correct  he/she  lifts  up  their  head  (wakes  up). 

6.  Memory 

Exercises  are  written  on  cartons  in  two  different  colours  - on  one  side  the 
exercise,  on  the  other  the  solution.  Cartons  are  placed  facing  down.  Pupils  flip 
the  different  colour  cards.  If  he/she  flips  the  cards  with  both  the  exercise  and  the 
solution,  he/she  takes  them  and  then  flips  a new  pair.  If  he/she  doesn’t  flip  the 
right  combination,  he / she  returns  the  cards  where  they  were.  The  game  is  played 
in  groups  of  3-4  players. 

7.  Darts 

Eive  concentrical  circles  are  drawn  on  the  board  or  on  the  placard.  (Circles 
can  be  divided  by  vertical  lines  so  they  contain  more  different  fields)  In  each  circle 
(field)  one  number  is  written.  Pupils  stand  in  two  single  files  in  front  of  the  circles 
at  the  same  distance  and  throw  chalk  at  the  target.  They  add/multiply  the  numbers 
they  hit.  Pile  that  has  the  most  points  wins. 


Conclusion 

Pundamental  goal  of  maths  instruction  is  to  create  a mathematically  literate, 
competent  individual  who  is  able  to  apply  maths  in  everyday  life.  Considering 
the  fact  that  teaching  contents  are  abstract  from  the  very  beginning,  quality  me- 
thodical processing  and  constant  connection  between  mathematical  contents  and 
life’s  reality  is  important.  Because  it  connects  learning  and  fun,  motivates  pupils, 
develops  abstract  thinking  and  logical  reasoning,  mathematical  play  is  often  used  in 
teaching  for  acquisition  of  mathematical  content.  In  that,  teacher’s  role  in  devising 
and  conduction  of  the  game  in  the  initial  maths  instruction  is  great  because  didactic 
play  should  have  its  justification  in  the  teaching  process.  Eearning  enrichment  and 
motivating  pupils  to  use  mathematical  games  develop  their  mathematical  abilities. 
In  maths  instruction  games  with  rules  are  used  more  often  because  they  require 
pupils  to  memorise  both  the  content  and  the  rules  of  the  game,  but  also  many  social 
skills  tied  to  winning  and  losing  a game. 

The  research  conducted  with  the  junior  grades  teachers  in  the  County  pro- 
fessional councils  of  Sisak  has  shown  that  teachers  apply  didactic  play  in  maths 
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instruction  at  least  once  a week.  They  implement  it  for  revision  and  practising  in 
the  introductory  or  final  part  of  the  period.  None  of  the  teachers  implement  the 
play  in  processing  during  the  main  part  of  the  class,  so  it  is  necessary  to  motivate 
teachers  to  find,  devise  and  use  didactic  games  which  will  help  pupils  in  acquisition 
of  new  mathematical  content  and  also  in  developing  mathematical  competencies. 
Of  all  the  games  teachers  most  often  implement  in  teaching,  the  authors  of  the 
paper  selected  and  described  several:  dice  game,  pulling  numbers  out  of  a hat, 
bingo,  jigsaw,  napping,  memory  and  darts. 

Teachers  who  participated  in  the  pole  mostly  consider  that  individual  training 
will  help  them  in  strengthening  mathematical  competencies  and  application  of  di- 
dactic play  in  the  initial  maths  instruction.  In  that,  their  creativity,  experience  and 
ingenuity  will  come  forth. 
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Abstract.  Game  is  basic  child’s  activity  and  need  which  affects 
the  overall  development  of  a child.  Didactic  games  are  group  of 
games  which  are  used  in  educational  process  with  the  aim  of  achieving 
previously  determined  educational  tasks.  They  have  a positive  effect 
on  teaching  results,  permanence  of  knowledge,  pupil’s  motivation, 
attention  and  activity,  and  make  learning  more  interesting.  Modern 
school  which  uses  didactic  games  as  a method  of  teaching  is  focused 
on  needs  and  nature  of  child.  Didactic  games  in  mathematics  teaching 
are  used  for  introducing,  practising  and  revising  mathematical  content. 

Keywords:  game,  didactic  game,  mathematics,  mathematics 
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Abstract.  It  is  necessary  to  get  involved  actively  in  the  process 
of  acquiring  knowledge  to  learn  mathematical  contents  successfully. 
The  theory  of  constructivism  emphasizes  student’s  individual  activity 
in  which  he/she  creates  his/her  own  knowledge  through  his/her  own 
experience,  while  the  teacher  prepares  and  shapes  the  environment 
for  learning  and  encourages  and  guides  students  in  their  independent 
learning.  The  aim  of  this  approach  is  for  students  to  learn  how  to 
learn,  and  Polya’s  problem-solving  model  provides  an  answer  how  to 
perform  in  practice  - in  4 steps:  understanding  the  problem,  devising  a 
plan,  carrying  out  the  plan  and  reflection. 

In  teaching  practice,  this  can  be  achieved  by  using  discovery 
learning  or  inquiry  based  learning.  In  mathematics,  dynamic  geometry 
software  can  be  of  great  help  because  of  its  possibilities  to  display 
the  dynamism  and  interactivity  of  mathematical  objects  so  it  provides 
a dynamic  virtual  environment  for  research.  Among  such  programs 
GeoGebra  is  distinguished  because  it’s  free  and  open  source,  translated 
into  Croatian,  intuitive  and  easy-to-use  tool,  combing  elements  of 
geometry,  algebra,  analysis  and  statistics.  Moreover,  the  community  of 
its  users  on  the  Internet  is  large  and  very  active  so  there  are  more  and 
more  completed  examples  that  can  be  used  in  everyday  teaching. 

There  were  various  problems  the  author  encountered  in  her  teach- 
ing practice  when  trying  to  implement  the  ideas  described  above,  so  she 
opted  for  action  research  which  seeks  to  respond  to  the  problem:  how 
to  help  students  to  discovery  learn  new  mathematical  terms,  concepts 
and  ideas  individually  by  using  computer  and  GeoGebra.  This  article 
describes  the  research  and  presents  a report  on  the  achieved  action 
research  with  second  grade  students  in  High  school  Cazma  in  Cazma. 


Keywords:  action  research,  GeoGebra,  Polya’s  problem-solving 
model,  constructivism,  discovery  learning,  dynamic  virtual  learning 
environment 
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Introduction 

One  of  the  aims  of  teaching  mathematics  is  to  teach  students  how  to  think  and 
train  them  for  solving  problems  and  making  decisions  in  their  future  life.  Kurnik 
(2008,  p.  53)  stresses  that  “the  basic  guidelines  for  the  modernization  of  teaching 
are  inducing  and  starting  students’  thinking  and  ensuring  that  a great  deal  of  new 
knowledge  is  acquired  by  their  own  strengths  and  abilities.”  (free  translation  by 
the  author)  The  theory  of  constructivism  emphasizes  this  approach,  it  is  based  on 
the  fact  that  knowledge  is  constructed  by  pupils’  activity  and  therefore  the  role  of 
the  teacher  as  a source  of  information  decreases  significantly  in  relation  to  the  role 
of  the  teacher  who  will  lead  and  direct  the  students  in  their  learning.  Knowledge 
cannot  be  transmitted  from  the  teacher  to  a student  in  a way  that  information  from 
the  teacher  is  copied  and  pasted  into  in  student’s  head.  The  student  must  be  involved 
actively  in  learning  so  he / she  could  reach  his /her  own  insights  by  individual  work. 
The  way  of  learning  is  unique  for  each  student  because  he/she  constructs  his/her 
knowledge  on  his/her  own  activity  based  on  personal  experience.  A teacher’s  role 
is  to  choose  appropriate  teaching  forms,  teaching  methods,  sources  of  knowledge 
and  thus  to  shape  the  environment  for  learning  and  to  encourage  and  guide  students 
in  their  independent  discovery  of  new  terms,  concepts  and  principles  in  the  contents 
they  are  learning. 

Teaching  models  which  match  up  the  requirements  above  are  discovery  learn- 
ing and  inquiry  based  learning  (Bognar,  Matijevic,  2002).  Discovery  learning 
is  an  experiential  learning  that  takes  place  in  reality  or  uses  a simulation.  The 
simulation  by  dynamic  geometry  software  is  being  used  in  teaching  mathematics 
increasingly  because  of  its  possibilities  to  display  the  dynamism  and  interactivity 
of  mathematical  objects  so  it  provides  a dynamic  virtual  environment  for  the  re- 
search. Among  such  programs  GeoGebra  is  distinguished  because  it  is  free  and 
open  source,  translated  into  Croatian,  intuitive  and  easy-to-use  tool,  combing  ele- 
ments of  geometry,  algebra,  analysis  and  statistics.  Moreover,  the  community  of  its 
users  on  the  Internet  is  large  and  very  active  so  there  are  more  and  more  completed 
examples  that  can  be  used  in  everyday  teaching. 

Main  feature  of  inquiry  based  learning  is  to  encourage  students  to  come  to 
certain  findings  by  individual  exploring  with  the  appropriate  assistance  of  teacher. 
It  allows  a high  level  of  differentiation  in  teaching  because  teacher  will  help  each 
student  as  much  as  he/ she  needs.  The  student  will  discover  the  meaning  and 
relevance  of  information  individually  which  will  lead  him/her  to  a conclusion  or 
reflection  on  the  newly  attained  knowledge.  The  aim  of  this  approach  is  for  students 
to  learn  how  to  learn,  and  Polya’s  problem-solving  model  provides  an  answer  to 
how  to  perform  in  practice  - in  4 steps: 

1.  Understanding  the  problem  - read  the  task  with  understanding,  student 
can  try  to  answer  the  following  questions:  What  is  the  unknown?  What  are 
the  data?  What  is  the  condition? 

2.  Devising  a plan  - perceive  pattern  (rule,  formula,  theorem)  that  connects 
the  known  and  unknown  variables,  more  complex  task  divides  into  several 
easier. 

3.  Carrying  out  the  plan  - perform  each  step  carefully. 
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4.  Reflection  - checking  the  results,  answering  questions  Can  you  derive  the 
result  dijferently?  Can  you  see  it  at  a glance?  Can  you  use  the  result  or  the 
method  for  some  other  problem?  (Polya,  2004). 

More  about  how  Polya’s  model  of  problem  solving  is  installed  in  GeoGebra 
dynamic  learning  environment  and  within  students’  exploring  and  experimental 
learning  can  be  read  at  Bjelanovic  Dijanic  (2010)  and  Karadag  and  McDougall 
(2009).  The  following  is  an  excerpt  from  the  report  of  action  research  that  the 
author  carried  out  with  her  students  as  they  learned  just  to  the  ideas  described 
above. 


Context  of  research 

Action  research  participants  were  second  grade  students  in  High  school  Cazma 
(there  are  20  in  the  class  2c)  and  me,  Zeljka  Bjelanovic  Dijanic  as  the  researcher 
and  their  Math  and  IT  teacher.  I teach  Math  in  two  classes  of  general  high  school 
and  I teach  IT  subject  in  all  grades  in  our  school  so  my  IT  classroom  is  always 
available  for  us.  There  is  one  main  computer  (server)  that  serves  16  clients,  LCD 
projector  and  screen  in  the  classroom  and  Internet  access  is  available  to  all  16 
clients.  Sometimes  I organize  students  to  learn  Math  individually  or  in  pairs  with 
interactive  digital  teaching  materials. 

The  course  of  action  research  was  followed  by  three  critical  friends: 

1.  PhD.  Branko  Bognar  - assistant  professor  at  Faculty  of  Philosophy  in  Os- 
ijek,  dealing  with  themes  related  to  action  research^  also  a mentor  for  the 
methodological  aspect  of  this  research; 

2.  Sime  Suljic  - Math  teacher  at  Gymnasium  and  vocational  school  Jurja  Do- 
brile  Pazin,  engaged  intensely  in  using  computers  in  Math  teaching,  devel- 
oping interactive  digital  materials  and  regularly  following  the  development 
of  cognitive  tools  in  the  world;^ 

3.  Zeljko  Kralj  - the  principal  of  High  School  Cazma  and  Math  teacher  with  a 
30-years  experience  showing  great  interest  in  my  effort  to  introduce  changes 
in  Math  teaching. 


The  problem  and  research  plan 

The  action  research  is  based  on  several  educational  values:  independence  in 
learning,  the  activity  of  all  students,  collaboration  between  students,  motivation 
for  learning  mathematics  and  computer-assisted  learning.  The  full  report  of  ac- 
tion research  goes  beyond  this  article  so  here  only  a part  of  the  research  is  going 
to  be  presented  related  to  the  independence,  the  activity  and  computer-assisted 
learning. 


* Doctoral  thesis:  Possibilities  of  enabling  teachers  to  realize  action  research  enquiries  by  using 
electronic  learning  processes  (mentor  prof.  dr.  sc.  Ana  Sekulic-Majurec,  Faculty  of  Philosophy  in 
Zagreb,  2008.) 

^ Sime  Suljic  is  one  of  the  translators  of  GeoGebra  into  Croatian,  the  author  of  dozens  of 
professional  articles  and  lectures  about  using  computers  in  math  teaching. 
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Aims 

1 . Training  students  for  individual  discovery  learning  using  dynamic  geometry  software 
GeoGebra. 

2.  Development  of  new  and  adaptation  of  existing  digital  materials  needed  for  individual 
discovery  learning  using  computers. 

Criteria 


• Students  show  more  independence  in  learning  new  mathematical  terms,  concepts  and 
ideas. 

• Students  come  to  conclusions  individually. 

• Almost  all  students  are  active  in  the  class. 

• Students  visit  Weh  sites  with  digital  materials  at  home  on  their  own  initiative. 

• Students  are  more  satisfied  on  Math  lessons  because  they  work  on  computers  more 
often. 

Activities 


For  the  first  aim  it  is  predicted  that  students  discovery  learn  lecture  units  listed  below 
independently  (two  school  hours  for  each  unit)  in  the  IT  classroom  through  three  cycles: 


1.  cycle 

Lecture 

unit 

Transformation  of  quadratic  function  f(x)=ax^ 

Digital 

material 

http : //www. normala.hr/interaktivna 
jnatematika/kvadratna . htm 

Data 

collection 

• the  questionnaire  2 (scale,  open-ended  questions) 

• students’  papers  - a worksheet  and  a short  test 

• photos  of  the  class 

• teacher’s  research  diary 

• critical  friends’  notes,  e-mail  messages 

2.  cycle 

Lecture 

unit 

Roots  of  quadratic  polynomial  and  its  graph 

Digital 

material 

create  a new  digital  material  with  the  help  of  critical  friend 
Sime  Suljic 

Data 

collection 

• video  recording  and  photos  of  the  class 

• notes  on  systematic  observation  (videotape) 

• students’  papers  - written  knowledge  exam 

• group  interview 

• teacher’s  research  diary 

• critical  friends’  notes,  e-mail  messages 

3.  cycle 

Lecture 

unit 

Definitions  of  trigonometric  functions 

Digital 

material 

translate  and  adapt  material  with  permission  by  A.  Meier  http : // 
WWW . realmath . de/Neues/lOzwo/tr igo/sinuseinf . html 

Data 

collection 

• video  recording  and  photos  of  the  class 

• notes  on  systematic  observation  (videotape) 

• the  questionnaire  3 (Likert  scale) 

• teacher’s  research  diary 

• critical  friends’  notes,  e-mail  messages 

Duration:  in  November  and  December  2010. 


For  the  second  aim  an  additional  activity  is  predicted  that  teacher  does  independently  and 
continuously:  studying  references  concerning  the  development  of  interactive  digital 
learning  materials  that  correspond  to  the  specifics  of  teaching  mathematics. 

(Bjelanovic  Dijanic,  2009,  Hohenwarter,  Preiner,  2007) 


Table  1.  Research  plan. 


Almost  all  of  these  values  are  disrupted  in  traditional  classes  where  the  activity 
of  teacher  in  frontal  teaching  dominates.  Students  are  too  reliant  on  the  teacher 
and  most  of  them  are  not  able  to  solve  the  task  at  home  if  a similar  one  is  not 
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resolved  in  the  class.  Only  interested  students  are  active  in  the  class  while  others 
are  waiting  to  copy  from  the  board.  Computers  and  the  Internet  are  the  media  that 
surround  students  every  day  so  it  is  logical  to  offer  a computer-assisted  learning  as 
an  alternative. 

However,  the  computer  is  not  going  to  improve  the  current  situation  by  itself. 
I even  tried  to  realize  discovery  learning  within  computer-assisted  learning  in  pre- 
vious generations  of  students  but  we  encountered  some  difficulties  and  the  results 
were  not  improved  essentially.  That  is  why  I decided  to  introduce  changes  in  my 
educational  practice  and  carry  out  the  action  research  in  the  class  2c.  All  of  the 
20  students  said  they  wanted  to  participate  and  their  parents  signed  an  agreement 
statement.  I expect  that  we  are  going  to  identify  why  students  have  difficulties  in 
individual  discovery  learning  using  computer  and  GeoGebra  based  on  systematic 
observation  and  critical  questioning,  and  that  we  all  together  are  going  to  overcome 
the  difficulties  in  learning  mathematics  content  with  new  teaching  methods. 

Therefore,  we  stated  the  problem  of  action  research  with  the  question: 

How  to  help  students  to  discovery  learn  new  mathematical  terms,  concepts 
and  ideas  individually  by  using  computer  and  dynamic  geometry  software  Ge- 
oGebral 

A confirmation  for  the  validity  of  decision  to  explore  previously  stated  prob- 
lem using  action  research,  I found  in  the  book  “Research  Methods  in  Education” 
(Cohen,  Manion  and  Morrison,  2007,  p.  226)  where  it  is  stated  that  action  research 
can  be  used  to  explore  methods  of  teaching  - replacing  traditional  method  with 
discovery  method  and  in  developing  new  methods  of  learning.  According  to  the 
classification  Zuber-Skerritt  (see  Cohen  et  al,  2007,  p.  232)  this  research  is  emanci- 
patory because  the  participants  (teacher  and  students)  feel  responsible  for  solving 
the  problem  presented  and  will  attempt  to  resolve  it  through  a cyclical  process: 
plan  - action  - observation  - reflection.  For  being  as  much  successful  as  we  can  be 
it  was  planned  to  implement  the  activities  through  three  cycles  as  seen  in  Table  1. 


The  process  of  conducting  action  research 

1.  cycle:  Transformation  of  quadratic  function 

The  teaching  materials  that  we  were  used  is  on  the  Web  of  association  Normala 
Interactive  mathematics^  and  have  been  used  with  the  previous  two  generations  of 
students.  The  author  of  material  is  Sime  Suljic.  Students  themselves  formed  pairs 
according  to  who  they  like  learning  with.  I noticed  that  each  pair  consists  of  stu- 
dents of  equal  ability  and  prior  knowledge  and  they  progressed  at  a pace  that  suits 
their  abilities.  They  rarely  called  for  a help,  the  instructions  were  clear  to  them. 
However,  in  the  third  exercise  most  students  had  difficulties:  “Read  the  instruc- 
tion but  called  me  because  they  did  not  know  what  to  do  (better  students).  Some 
understood  how  to  choose  the  vertex,  but  did  not  understand  what  about  the  other 
points.”  (research  diary,  15/11/2010)  Critical  friend  Zeljko  Kralj  was  present  at 

^ http : //www. normala.hr/interaktivna_matematika/kvadratna.htm 
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the  class  and  he  carefully  observed  what  was  happening.  After  the  class  he  said  this 
way  of  teaching  seems  very  demanding  for  the  teacher  because  it  requires  walking 
around  the  students  all  the  time  but  they  don’t  progress  at  the  same  speed  at  the 
same  time  so  the  teacher  should  know  all  the  lessons  through  which  they  are  going 
through  very  well.  He  also  noticed  some  students  really  did  well  while  another  did 
not  understand  what  to  do  (research  diary,  15/11/2010). 


Picture  1.  i 2.  The  computer  in  the  class  - frontally  or  individually  (in  pairs). 

Picture  1 . shows  how  we  use  a computer  and  a projector  in  frontal  teaching 
and  Picture  2.  shows  how  students  learn  in  pairs  using  digital  materials.  In  the 
e-mail  sent  on  14/12/2010  Branko  Bognar  gave  his  review  of  these  two  photos: 
“There  is  possible  to  see  the  whole  class  where  the  teacher  is  dominant  at  the  first 
photo,  while  at  another  one  students  are  active.  On  the  faces  of  students  ( second 
photo ) it  is  possible  to  observe  the  interest  and  concentration  on  the  activities  they 
are  engaged.” 

In  questionnaire  2.  I wanted  to  determine  the  extent  of  the  students’  indepen- 
dence in  learning  and  reaching  conclusions,  and  if  they  were  visiting  the  Web  site 
at  home. 


Rgure  1 . The  extent  of  individually 
coming  to  the  conclusion 


Rgure  2.  The  extent  of  the  students' 
independence 


□ 1 - never 
achieving 

□ 2 


□ 3 


b4 


■ 5 - completely 
achieving 


□ 1 - continually 
needing  help 

□ 2 

□ 3 
b4 

■ 5 - completely 
independent 


The  students  knew  the  digital  material  is  available  on  the  Internet,  but  in  the 
class  I did  not  emphasize  it  would  be  good  to  visit  these  Web  pages  at  home  a few 
more  times.  Still,  1 1 of  1 8 students  visited  the  Web  site  at  home. 
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Related  to  the  worksheet,  all  students  solved  the  tasks  requiring  short  answers, 
and  about  a half  of  the  students  solved  the  task  describing  the  effect  of  param- 
eters on  the  graph.  Most  students  had  problems  with  the  task  19  (determining 
the  equation  of  quadratic  function  from  the  sketch)  and  the  task  20  (plotting  the 
graphs  of  quadratic  function)  so  these  answers  were  analyzed  and  we  solved  an 
example  on  the  board.  During  the  conversation  several  students  noticed  the  prob- 
lem: they  learned  using  computer  but  were  examined  on  a paper  (research  diary, 
23/11/2010). 

The  analysis  of  short  test  containing  two  tasks  of  plotting  (as  in  task  20)  and 
three  tasks  of  reading  the  equations  from  the  sketches  (as  in  task  19)  showed  very 
good  results  and  the  progress  for  most  students: 


After  the  first  cycle  reflection  I submitted  the  results  to  critical  friends.  Zeljko 
Kralj  was  in  contact  with  me  and  the  class  very  often,  he  reviewed  pupils’  papers 
and  had  no  remarks  except  some  students  should  be  neater  when  plotting  graphs. 
Branko  Bognar  suggested  to  try  to  collect  more  qualitative  data. 

2.  cycle:  Roots  of  quadratic  polynomial  and  its  graph 

I tried  to  make  a digital  teaching  material  for  this  unit  myself  (two  dynamic 
applets  and  a worksheet).  However,  students  had  difficulties  understanding  the  in- 
structions at  the  first  class  in  the  IT  classroom  (23 /1 1/ 2010)  so  Sime  Suljic  helped 
me  redesigning  the  material.  Next  time  (25/11/2010)  they  began  with  the  new 
material'*  and  I recorded  the  situation  in  the  class  with  a video  recorder.  After 
reviewing  the  video  recording  I wrote:  “Teacher  walks  around  the  class  trying 
to  be  discreet,  looking  behind  the  students  what  they  are  doing  and  intervenes  if 
notices  students  do  not  understand  well.  The  students  are  working,  they  rarely  call 
for  help,  rather  turn  to  neighbors  if  necessary.”  (research  diary,  30/11/2011)  We 
took  a few  photos: 

* http : //free-bj . t-com.hr/zbjelanovic/apleti/nultocke .html 
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Picture  3.  i 4.  The  students  work  with  the  digital  material  and  the  worksheet. 

Sime  Suljic  gave  his  review  of  these  photos:  “The  first  photo  shows  the  work- 
ing material  - the  applet  and  the  work  of  students  in  pairs.  Obviously,  they  discuss 
their  ideas.  Schoolgirl  right  opposite  is  focused  on  the  problem.  On  the  second 
photo  the  students  fill  in  the  worksheet  relying  to  the  interactive  content  on  the 
computer.  It  seems  they  occasionally  check  the  result  on  the  calculator.  The  photo 
tells  me  the  working  temperature  is  high.” 

We  did  the  remaining  lecture  units  in  the  classroom,  several  of  them  frontally 
with  GeoGebra  on  the  LCD  projector.  We  should  also  prepare  for  the  written  exam 
of  this  lecture  topic.  The  results  of  the  third  exam  can  be  compared  with  the  results 
of  the  previous  two: 


In  both  previous  exams  pass  rate  was  65%  while  in  the  third  even  80%.  Be- 
sides decreasing  the  number  of  negative  grades,  we  can  notice  the  increase  of  the 
number  of  excellent  grades.  Zeljko  Kralj  reviewed  students’  papers  and  talked  to 
students.  He  was  very  satisfied  with  the  results  (highlighted  the  pass  rate  of  80%), 
but  cautioned  the  students  who  wrote  and  drew  with  unsharpened  pencil  and  drew 
a coordinate  system  without  ruler. 

To  complete  the  reflection  of  the  second  cycle  and  to  obtain  students’  reviews  of 
the  realization  of  critical-reflexive  practice,  we  organized  a group  semi-structured 
interview. 
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Students’  answers  in  the  group  semi-structured  interview 

Advantages 

• interesting 

• it’s  easier  to  learn  because  of  lots  of  examples 

• individually  coming  to  the  conclusion  is  encouraging 

• it  stays  in  our  memory  longer 

• we  can  visualize  what  we  do,  visually  remembering  more 

• we  can  learn  at  own  pace 

• we  can  repeatedly  pass  the  same  thing  to  clarify  what  is  not 
clear  to  us 

• learning  material  on  the  Web,  we  can  do  it  at  home 

Disadvantages 

• it  is  not  explained  how  you  explain 

• the  problem  with  understanding  instructions 

• computer  plots  automatically,  but  we  need  to  do  it  gradually 

• we  should  write  the  most  important  thing  in  a notebook 

Suggestions 
for  improvement 

• it’s  better  to  work  in  pairs,  we  can  discuss  with  our  partner 

• to  have  a worksheet  so  we  could  write  on  it 

• this  is  better  for  practice  than  learning,  to  practice  on  a computer 
after  understanding 

• the  sliders  should  be  more  precise,  not  skipping,  so  we  can 
check  our  homework 

• feedback,  when  we  gave  the  wrong  answer  to  show  the  correct 

Table  2.  Group  interview  (taken  from  the  transcripts  and  categorized). 


3.  cycle:  Definitions  of  trigonometric  functions  of  acute  angle 

Sime  Suljic  and  I together  adjusted  the  German  material  by  Andreas  Meier^ 
for  this  lesson.  I wrote  to  him  to  give  us  the  permission  for  using  and  adopting 
the  material  in  Croatian  but  he  did  not  respond  so  we  decided  to  proceed  under 
the  Creative  Common  license  (share  alike).  We  adjusted  the  material^  and  stated 
who  the  original  author  was.  Meier  had  prepared  a lot  of  interesting  interactive 
exercises  but  their  adjustment  would  require  a lot  of  time,  so  we  agreed  students 
could  practice  the  original  German  exercises. 

This  lesson  took  place  on  16/12/2010  in  the  IT  classroom.  The  students  chose 
whether  they  wish  to  work  in  pair  or  alone.  We  recorded  the  class  with  the  video 
recorder  and  the  camera  again.  I noticed  in  the  research  diary  (16/12/2010):  “Wc 
can  see  the  improvement  in  students  ’ handling  learning,  the  exercises  are  motivat- 
ing and  students  specially  look  forward  to  collecting  points.  They  easily  solve  the 
worksheet.  There  were  bugs  in  some  Meier’s  applets  - warned  the  students  how 
to  avoid  them.  Most  students  completed  the  tasks  in  45  minutes  so  we  continued 
by  the  workbook.”  After  reviewing  the  video  recording  I wrote:  “This  time  the 
teacher  speaks  more  to  the  entire  class,  and  therefore  they  call  for  the  individual 
assistance  less.  The  atmosphere  is  relaxing,  students  help  each  other  a lot  more.” 
(research  diary,  18/12/2010)  I carefully  reviewed  and  analyzed  the  first  20  minutes 
of  both  recordings  (until  then  the  students  have  not  finished  yet)  and  separated  two 
categories:  teacher  assists  students  (individually  or  in  pair)  and  teacher  talks  to  the 
class  aloud.  I counted  how  many  times  each  category  appeared  and  the  duration. 


® http : //www. realmath. de/Neues/lOzwo/trigo/sinuseinf .html 
® http : //free-bj . t-com. hr /zb jelanovic/aplet i/sinus .html 
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Figure  5.  The  analysis  of  the  video  recordings  - total 
duration  of  teachers'  activities 


16/12 
25/11 

0:00  5:00  10:00  15:00  20:00 

I □ assisting  student  ■ talking  to  class  aloud 


■ 1:09 

|6:49 

0:05 

12:42 


On  the  first  recording  (25/11)  the  teacher  assisted  the  students  (referring  to 
the  quiet  conversation  between  the  teacher  and  one  or  two  students)  28  times  in 
the  total  duration  of  12:42  minutes  (63,5%),  which  means  students  had  teacher’s 
assistance  an  average  6, 35%  of  the  time,  so  the  rest  refers  to  individual  activity. 
On  the  second  recording  (16/12)  teacher  talked  to  the  entire  class  aloud  9 times 
in  the  total  duration  of  1:09  minutes  and  assisted  individually  17  times  in  the  total 
duration  of  6:49  minutes  (34,08%),  which  is  an  average  of  3,41%  per  student 
(because  of  10  pairs). 

At  the  end  1 incorporated  all  the  questions  and  dilemmas  that  we  encountered 
during  the  process  and  made  Likert  scale  which  will  serve  as  a critical  reflection  for 
the  data  analysis  and  the  verification  for  the  realization  of  our  initial  educational 
values. 


1 

Statement 

Strongly 

disagree 

Disagree 

Neither 

agree 

nor 

disagree 

Agree 

Strongly 

agree 

1. 

Individual  computer-assisted 
learning  enables  easier  processing 

20% 

65% 

15% 

2. 

Individual  computer-assisted 
learning  is  more  interesting  then  teach- 
ing in  our  classroom 

25% 

45% 

30% 

3. 

The  computer  allows  me  to  easily 
come  to  conclusions  on  my  own 

10% 

70% 

20% 

4. 

The  computer  helps  me  visualizing 
mathematical  concepts 

15% 

40% 

45% 

6. 

The  computer  makes  me  think  more 
than  teaching  in  our  classroom 

10% 

70% 

20% 

to. 

Progress  at  own  pace  is  the  advantage  of 
individual  computer-assisted  learning 

25% 

50% 

25% 

11. 

The  computer  easily  and  automatically 
plots  graphs  so  later  I have  problems 
with  plotting  graphs  on  a paper 

5% 

20% 

40% 

30% 

5% 

12. 

The  digital  material  available  on  the 
Web  allows  me  to  repeat  and  clarify  at 
home  what  I did  not  understand  well  in 
the  school 

10% 

30% 

60% 
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15. 

The  feedback  on  the  accuracy  of  our 
answers  makes  it  easy  to  go  through  the 
content 

10% 

75% 

15% 

17. 

The  worksheet  for  writing  answers  with 
pencil  helps  me  go  through  the  content 
of  the  digital  material  better 

15% 

60% 

25% 

Table  3.  Likert  scale  (taken  from  the  questionnaire  3). 


The  interpretation  of  the  action  research 

A starting  point  for  this  research  was  the  theory  of  constructivism  which  em- 
phasizes that  knowledge  is  produced  by  the  activity  of  student  and  the  practice 
which  shows  it  is  not  easily  feasible  in  traditionally  organized  teaching.  In  prac- 
tice, we  noticed  some  students  have  serious  problems  in  processing  mathematical 
contents  so  we  asked  ourselves  how  to  achieve  the  activity  of  all  students  in  the 
class  and  how  to  encourage  independence  in  learning.  These  were  the  initial  values 
from  which  we  started.  As  Kurnik  (2008)  proposes,  we  wanted  to  achieve  that 
students  come  to  their  own  knowledge  using  their  own  strengths  so  we  opted  for 
computer-assisted  learning.  However,  we  do  not  mean  the  using  of  computer  in 
frontal  teaching  with  LCD  projector  or  smart  board  (Figure  1),  we  ask  from  ev- 
eryone to  work  at  his/her  own  computer  (Figure  2).  If  we  add  Polya’s  heuristic 
learning  approach  (Polya,  2004),  the  individual  discovery  learning  can  be  the  one 
of  solutions  for  the  initial  problem. 

Considering  we  collected  quite  a lot  of  qualitative  and  quantitative  data  in  the 
research,  their  synchronization  will  serve  as  triangulation  process  to  avoid  one-sided 
approach  of  qualitative  data  analysis  so  we  could  reach  valuable  conclusions. 

On  pictures  2,  3 and  4 it  is  evident  that  we  have  reached  the  activity  of  all 
students  in  the  class.  This  is  confirmed  with  the  results  of  written  exams  that  are 
much  better  than  usual.  In  short  test  (Figure  3)  one  third  of  students  were  assessed 
with  an  excellent,  while  in  the  third  written  exam  (Figure  4)  80%  of  students  passed 
the  exam.  As  advantages  the  students  emphasize  the  progress  at  their  own  pace 
(75%  of  students.  Table  3,  statement  10)  and  the  fact  they  can  repeat  the  same 
procedure  many  times  until  they  clarify  the  problem.  90%  of  students  (Table  3, 
statement  6)  believe  the  computer  makes  them  think  more  than  in  traditionally 
organized  teaching.  We  assume  all  of  this  affects  higher  level  of  students’  activity 
in  the  class.  Furthermore,  we  notice  students  visit  Web  sites  with  learning  materials 
at  home  on  their  own  initiative  (questionnaire  2,  61%  of  students)  and  availability 
on  the  web  enables  them  to  clarify  at  home  what  they  did  not  understand  in  school 
(90%  of  students.  Table  3,  statement  12). 

The  analysis  of  video  recordings  (Figure  5)  indicates  the  increase  of  inde- 
pendence. We  differentiate  between  the  independence  in  learning  process  and 
independence  in  reaching  conclusions.  In  the  first  cycle  (Figure  1 and  2)  we  noted 
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students  are  more  independent  in  reaching  conclusions  (28%)  than  in  computer- 
assisted  learning  in  general  (6%).  This  can  be  explained  by  the  fact  that  students 
had  difficulties  following  the  instructions  at  first  so  they  called  the  teacher  for  assis- 
tance or  consulted  other  students  more  often.  After  understanding  the  instructions 
they  easily  come  to  conclusion  with  the  assistance  of  computers.  Students  regard 
individual  coming  to  conclusions  very  stimulating  (Table  2),  and  this  is  what  we 
aspire. 

Qualitative  data  (photos,  videos,  critical  friends’  statements,  group  interview) 
indicate  the  value  of  computer-assisted  learning.  75%  of  students  believe  this  way 
of  learning  is  more  interesting  than  traditional  teaching  (Table  3,  statement  2).  It 
enables  easier  processing  of  the  material  (80%  of  students.  Table  3,  statement  1) 
because  the  computer  can  generate  many  different  examples  in  a short  period  and 
helps  with  the  visualization  of  mathematical  objects  (85%  of  students.  Table  3, 
statement  4).  The  computer  provides  instant  feedback  that  helps  students  follow 
the  digital  content  (90%  of  students.  Table  3,  statement  15),  and  exercises  with 
collecting  points  are  particularly  motivating. 

However,  we  observed  the  disadvantages  of  this  way  of  learning.  Students 
learn  by  using  computers  but  they  were  assessed  by  using  written  exam  (on  a 
paper).  We  tried  to  alleviate  this  contradiction  using  the  worksheet  that  students 
fulfdled  during  studying  the  contents  of  digital  material.  85%  of  students  (Table 
3,  statement  17)  stated  a worksheet  helps  them  to  follow  the  content  easily.  Even 
better  solution  would  be  to  develop  computer-based  assessment.  Furthermore,  we 
noticed  some  students  had  difficulties  with  plotting  graphs  on  the  paper  because 
the  computer  plots  graph  automatically  (Table  3,  statement  11,  Kralj’s  comments). 
We  spotted  the  problem  of  understanding  the  instructions,  and  it  mostly  occurred 
with  those  students  who  usually  have  difficulties  with  understanding  the  task.  The 
solution  to  this  problem  can  be  found  in  heuristic  learning  approach  and  in  the 
art  of  discovery  (Polya,  2004)  so  it  should  be  dealt  continuously  regardless  of  the 
organization  of  teaching. 

The  changes  I introduced  in  my  teaching  practice  within  the  process  of  action 
research  are  the  result  of  various  factors:  the  readiness  of  both  the  students  and 
me  to  act  on  the  basis  of  initial  values,  continuous  cooperation  and  appreciation 
of  everyone’s  opinion,  the  responsibility  of  students  for  their  own  progress,  the 
support  and  advice  from  critical  friends  and  the  self-critical  consideration  of  their 
comments.  Unlike  the  previous  generations  of  students,  these  students  approached 
computer-assisted  learning  more  seriously  which  was  greatly  contributed  by  the 
process  of  action  research  and  the  reflection  after  each  cycle  in  particular. 

After  analyzing  the  collected  data  critical  friend  Zeljko  Kralj  made  the  general 
conclusion:  “The  computer-assisted  learning  transforms  student  from  a passive 
observer  to  become  an  active  participant,  and  therefore  his/her  motivation  for 
learning  increases.”  However,  this  does  not  mean  our  action  research  is  com- 
pleted, now  it  opens  new  perspectives,  we  spotted  problems  and  potential  solutions 
and  opportunities  for  improvement.  The  issues  that  we  will  deal  with  in  the  future 
are: 
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• the  implementation  of  Polya’s  heuristic  learning  in  a dynamic  learning  en- 
vironment, 

• assessing  the  students  using  computers  and  interactive  digital  resources, 

• developing  new  and  improving  existing  digital  materials  (this  was  the  sec- 
ond aim  that  was  achieved  in  the  framework  of  action  research,  but  for  the 
further  implementation  of  this  way  of  teaching  it  is  necessary  to  provide 
quality  digital  learning  materials) . 

Conclusion 

Discovery  learning  mathematics  with  the  assistance  of  computer  and  dynamic 
geometry  software  GeoGebra  using  the  interactive  digital  learning  materials  that 
are  methodically  and  didactically  designed,  ensures  the  activity  of  all  students  in 
the  class,  increases  the  motivation  for  learning  mathematics,  encourages  individual 
coming  to  conclusions,  as  well  as  the  cooperation  between  students.  It  is  very 
important  that  student  learns  alone  or  in  pair  on  the  computer  trying  to  discover 
new  knowledge.  This  knowledge  is  going  to  stay  longer  in  his/her  memory  and 
student  is  going  to  learn  how  to  think,  he/she  is  going  to  resolve  a new  problem 
much  easier  and  master  the  art  of  discovery. 

However,  its  feasibility  in  teaching  practice  depends  on  the  school  conditions. 
It  has  been  shown  that  students  are  willing  to  cooperate  on  implementing  changes 
in  teaching,  but  if  Math  teacher  is  not  able  to  use  the  IT  classroom  for  his/her 
classes,  he/she  will  not  be  able  to  implement  the  ideas  described  in  the  paper. 
However,  I hope  the  reading  of  this  article  will  encourage  other  teachers  to  try  to 
introduce  changes  in  their  teaching  practices  in  accordance  to  the  school  conditions 
they  work  in. 

References 


[1]  Bjelanovic  Dijanic,  Z.  (2009),  Audiovizualna  multimedijska  komunikacija  pri 
ucenju  matematike  putem  interaktivne  web  stranice,  Matematika  i skola,  god.  X,  hr. 
49,  str.  157-166. 

[2]  Bjelanovic  Dijanic,  Z.  (2010),  Ucenje  istrazivanjem  u GeoGebri  prema  modelu 
Georga  Polya,  Matematika  i skola,  god.  XII,  hr.  57,  str.  64-70. 

[3]  Bognar,B.  {2006),Akcijskaistrazivanjauskoli,Odgoineznanosti,'Vo\.  8, hr.  1(11), 
p.  209-227. 

[4]  Bognar,  B.  (2008),  Mogucnost  ostvarivanja  uloge  ucitelja  - akcijskog  istrazivaca 
posredstvom  elektronickog  ucenja,  doktorska  disertacija,  Filozofski  fakultet  u Za- 
grebu. 

[5]  Bognar,  L.,  Matijevic,  M.  (2002),  Didaktika,  Zagreb,  Skolska  knjiga. 

[6]  Cohen,  L.,  Manion,  L.,  Morrison,  K.  (2007),  Metode  istrazivanja  u obrazovanju, 
Jastrebarsko,  Slap. 


Discovery  learning  in  mathematics  by  using  dynamic  geometry  software  GeoGebra  211 


[7]  Glasnovic  Gracin  D.  (2008),  Racunalo  u nastavi  matematike  - Teorijska  podloga 
i metodicke  smjernice,  Matematika  i skola,  god.  X,  br.  46,  str.  10-15. 

[8]  Hohenwarter,  M.,  Preiner,  J.  (2007),  Creating  Mathlets  with  Open  Source  Tools, 
The  Journal  of  Online  Mathematics  and  Its  Applications,  Vol.  7,  www.maa.org/ 
joma/Volume7/Hohenwarter2/index.html  (dostupno  10.1.2011.). 

[9]  Karadag,  Z.,  McDougall,  D.  (2009),  Dynamic  worksheets:  visual  learning  with 
guidance  of  Polya,  MSOR  Connections,  Vol.  9,  No.  2.  http : //mathstore . ac . uk/ 
headocs/9213_karadag_z_and_mcdougall_d_polya. pdf  (dostupno  10.1.201 1.). 

[10]  Kurnik,  Z.  (2008),  Istrazivacka  nastava,  Matematika  1 skola,  god.  X,  br.  47, 
str.  52-59. 

[11]  Polya,  G.  (2004),  How  to  Solve  It?  A New  Aspect  of  Mathematical  Method,  New 
Jersey,  Princeton  University  Press. 


Contact  address: 

Zeljka  Bjelanovic  Dijanic 
Mathematics  and  IT  teacher 
High  School  Cazma 
Livadarska  30,  HR  - 43  240  Cazma 
Normala  - Organization  for  Improving  Teaching  Mathematics 
Pantovcak  164,  HR  - 10000,  Zagreb 
e-mail:  zeljka. bjelanovicObj  .t-com.hr 


5. 

What  difference  can  a math  teacher  make 


In  the  fifth  chapter  the  authors  comment  on  the  general  issues  of  accepting 
mathematics  as  a vital  scientific  field  by  the  broader  community.  Certain  reserach 
suggests  that  a child’s  attitude  towards  mathematics  largely  depends  on  the  attitude 
of  their  parents,  but  also  on  the  attitude  of  the  teacher  in  the  first  four  years  of 
primary  education.  Issues  connected  to  mathematics  school  books  are  brought  up 
as  well,  and  the  chapter  offers  comments  on  the  teacher  perspective  in  Croatia. 
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Abstract.  The  poor  performance  and  low  level  of  knowledge  in 
mathematics  is  not  an  empty  assumption,  but  the  fact  that  is  corrob- 
orated by  the  statements  from  the  most  reports  taken  from  both  the 
primary  and  secondary  schools.  Most  of  the  surveyed  students  consider 
mathematics  as  a difficult,  incomprehensible,  uninteresting,  and  too 
demanding  subject. 

Undoubtedly  the  “culprits”  for  the  poor  success  in  the  field  of 
mathematics  are  in  a great  number  at  all  levels,  and  making  a classifi- 
cation hierarchy  or  a scale  would  be  ungrateful  and  irresponsible.  In 
fact,  there  is  no  specific  and  clearly  defined  position  that  the  “culprif  ’ 
could  be  identified;  thus,  as  such  should  be  eliminated  or  reduced 
to  a minimum.  The  most  experts  can  claim  that  the  reasons  for  that 
are  inadequate  overbooked  curricula,  too  many  departments,  poor 
professional  qualifications  of  teachers,  poorly  equipped  school,  bad 
textbooks,  outdated  teaching  methods  and  didactic  forms  of  work,  poor 
family  conditions  due  to  a low  standard  of  living,  and  so  on. 

From  the  above,  as  well  as  other  unmentloned  reasons,  it  would 
be  ungrateful  to  extract  some  specific  factors,  because  a failure  in 
mathematics  is  a function  of  all  these  factors. 

Most  of  these  elements  are  said  to  be  caused  by  extracurricular 
activities,  ignoring  the  fact  that  the  main  potential  culprits  are  found 
in  the  school’s  teaching  methods;  therefore,  there  are  few  answers  to 
simple  questions  be  found  first:  “Who?,  How?,  What?”  a teacher 
teaches.  There  is  no  doubt  that  any  good  answer  to  these  questions 
would  clarify  the  concept  of  failure  in  mathematics. 

Many  previously  published  analysis  indicate  the  above  statement, 
based  on  a series  of  tests  carried  out,  interviews  conducted  on  ped- 
agogical documentation,  as  so  in  our  region  as  worldwide.  We  are 
also  witnessing  a disparity  in  grading  system  and  in  different  methods 
that  teachers  use  for  the  same  subjects,  not  to  mention  for  the  different 
subjects.  The  fact  is  that  elementary  school  graduates  go  to  high  school 
having  high  grades  in  mathematics,  and  high  school  graduates  go  to 
college  with  very  high  grades  too. 

During  the  studies  in  a high  school,  which  is  especially  evident  in 
the  first  semester,  the  results  are  much  weaker  than  the  results  passed 
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from  primary  school.  To  the  end  of  the  year  the  grades  improve  slightly, 
but  again  with  the  notable  difference  between  the  closing  of  the  eighth 
grade  class  in  elementary  school  and  the  first  grade  of  high  school. 
The  disparity  in  the  mathematics’  grades  not  only  appears  as  a product 
of  different  criteria  when  assessing  students,  but  it  may  influence  other 
factors  that  we  have  intended,  if  not  entirely  then  at  least  partially  to 
reveal  here.  The  research  results  should  enable  practical  action  in  the 
field  of  mathematics  with  which  would,  at  least  the  part,  of  the  cause 
of  the  poor  success  in  teaching  mathematics  be  dismissed. 

Keywords:  school,  mathematics,  success,  lessons,  plans,  methods. 


Questions  whether  society  development  ratio  is  direct  consequence  of  edu- 
cation, or  whether  education  ration  is  contingent  upon  society  development,  are 
disputable  and  open  for  discussion.  School,  as  an  important  factor  in  a system, 
directly  or  indirectly  influences  the  societal  existence,  development  and  change  in 
its  broadest  sense. 

Global  discontent,  a result  of  limitations  existing  within  any  social  systems, 
and  among  other  factors,  a consequence  of  unsatisfactory  education  process,  has 
affected  our  region,  and  in  a place  where  quantity  surpasses  quality  - little  is  left 
for  the  future  generations. 

Educational  institutions  have  become  “large  in  number,  low  in  quality”  which 
again  directly  or  indirectly  influences  the  existing  social  relations.  Repair  or  even 
destruction  of  a whole  series  of  faulty  goods  is  compensable,  however,  a genera- 
tion of  badly-educated  students  is  non-compensable  and  extremely  dangerous;  a 
solution  includes  an  extensive  effort,  time  and  financial  support. 

Teaching  is  continuous  process  happening  at  any  time  and  any  place  in  a num- 
ber of  forms,  and  communication  and  interaction  are  important  ways  of  information 
transfer  among  students;  they  also  include  establishing  connections,  exchanging 
information,  strengthening  relations,  and  in  a way  grow  intellectually  and  culturally. 

Teaching  as  a continuous  process  is  unsustainable  without  interactions  between 
students,  students  and  teacher,  students  and  teaching  material,  and  it  can  be  con- 
cluded that  such  interactions  must  be  cherished  and  improved.  Namely,  absence 
of  interactions  between  the  students,  or  students  and  teacher,  can  have  negative  ef- 
fects during  and  after  education  period.  Such  interaction  influences  brain  activity, 
self-esteem,  self-confidence,  and  finding  better  answers  and  solutions.  Rising  the 
level  of  mathematics  culture  appears  to  be  an  inevitable  phenomenon  caused  by 
development  of  mathematics  which,  on  the  other  hand,  develops  in  regard  to  the 
needs  of  society  and  other  sciences.  The  chasm  between  the  mathematic  culture 
cherished  through  teaching  process  and  applied  mathematics,  mathematics  used 
for  material  and  spiritual  well-being,  can  be  found  in  forms  and  methods  that  are 
dominant  in  the  school  teaching  systems. 

New  teaching  plans  and  programs  do  not  threaten  the  exact  of  mathematics, 
but  their  redundancy  and  reduction  of  hours  yield  mathematics  to  be  perceived  as 
a difficult  science  discipline.  Undoubtedly,  mathematics  has  made  a “deep”  and 
“wide”  breakthrough  into  exact  sciences,  and  then  into  a number  of  social  sciences. 
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however,  it  is  not  possible  to  place  all  the  science  in  teaching  plans  and  programs 
for  children. 

Language,  symbols,  operating  systems,  rigidity  as  well  as  other  teaching  meth- 
ods are  no  longer  recognizable  exclusively  in  the  work  of  exact  sciences  researchers. 
Functional  and  structural  observations  are  also  used  in  a field  of  social  sciences 
(economists,  sociologists,  lawyers,  psychologists,  and  others).  The  fact  that  devel- 
opment of  a science  is  seen  through  the  rate  of  mathematics  applied,  most  vividly 
describes  the  importance  of  mathematics. 

The  massive  approach  to  education  is  a trend  that  has  happened  as  a direct 
consequence  of  a highly  industrialized  society  that  is  constantly  developing,  with 
demands  for  a greater  number  of  experts  in  all  fields  of  social  development.  On 
the  other  hand,  elements  of  a theory,  problem  aspects,  disparaged  knowledge  gain, 
neglect  of  social  aspects,  point  at  - if  not  the  root  changes  - then  partial  changes  in 
a teaching  process. 

Education  as  the  fundamental  element  of  any  social  act  cannot  in  any  case  be 
excluded  from  science  and  technology  development,  especially  bearing  in  mind  the 
general  discontent  with  educational  systems.  In  order  to  implement  faster  and  a 
more  economical  way  of  education,  mere  knowledge  of  what  to  study  is  no  longer 
sufficient,  but  how  to  study  takes  the  lead.  In  1613,  Rathke  suggested  teaching 
skills  to  be  implemented  in  a teaching  process.  Regardless  of  the  number  of  offered 
solutions,  a unique  teaching  model  was  not  found,  which  suggests  that  there  is  not 
one,  but  that  it  is  necessary  to  use  various,  intertwined  methods,  all  to  achieve  better 
results. 

When  and  how  to  use  certain  methods  in  a teaching  process  is  primarily  a 
matter  of  the  material  that  students  need  to  learn,  and  of  a teacher  that  mirrors  the 
grandeur  of  an  excellent  methodist,  didactic,  pedagogue,  and  teacher.  On  the  other 
hand,  the  fact  that  life  of  future  generations  will  probably  be  different  from  the  life 
of  present  generation,  represents  a nightmare  especially  for  pedagogues,  since  it  is 
unknown  what  the  future  holds  for  it  depends  on  many  factors. 

A teacher  is  an  irreplaceable  participant  in  a teaching  process,  but  there  is  a 
question  to  what  extent  his  presence  is  really  necessary.  Is  there  a real  reason  to 
prevent  self-teaching  and  letting  students  build  their  own  world?  Why  not  replace 
a lecture-reception  form  of  education  with  a simpler  dialogue? 

Year  in,  year  out,  same  old  problems  occur,  problems  related  to  different  levels 
of  previously  acquired  knowledge  that  children  have  at  enrolling  a school  and  this 
is  most  noticeable  when  it  comes  to  mathematics.  Why?  Earlier  practice  was  not 
introduced  with  the  concept  of  “the  prior  knowledge”,  and  the  acknowledged  fact 
at  the  time  was  that  “the  role  of  mathematics  in  lower  grades  of  primary  school,  or 
during  the  education  in  primary  school  in  general,  was  determined  by  its  function”. 
Namely,  studying  mathematics,  students  are  not  only  being  prepared  for  a certain 
vocation,  but  they  are  being  educated  in  general,  and  it  can  be  said  that  the  primary 
role  of  teaching  mathematics  is  embedded  in  its  educational  component.  Besides 
this,  in  lower  grades,  mathematics  has  a significant  preparatory  function.  In  other 
words,  it  prepares  the  students  for  higher  levels  of  educational,  including  higher 
grades  of  a primary  school  and  secondary  school  (Markovac,  1992:17). 
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It  is  not  a novelty  that  preschool  children  can  spontaneously  think  and  count, 
and  that  cognitive  ability  of  language  acquisition,  ability  to  calculate  and  write 
a number  can  also  be  congenital  and  universal.  Mathematics  and  other  related 
sciences  give  great  possibilities  when  it  comes  to  developing  logical  thinking. 
Mathematics  demands  cognitive  activity  based  on  an  analysis,  abstraction,  gener- 
alization, and  conclusion.  “It  is  clear  nowadays  that  we  entered  the  century 
studying,  knowing  that  happy  will  be  those  who  learn  with  ease,  not  afraid  of  the 
unknown  and  new,  able  to  solve  problems  and  accept  the  state  of  the  art  technology. 
It  all  point  out  that  children  from  the  early  onset  must  be  prepared  for  the  learning, 
to  make  them  like  learning  and  by  doing  this  preschool  pedagogy  gets  its  value  and 
significance”  (Suzic,  2006:10). 

These  two  streams  of  pedagogical  thought  explain  a lot,  and  even  if  they  are 
close  by,  let  us  say  “birth”,  it  can  be  noticed  that  methodology  of  the  90ies  did  not 
emphasize  the  preschool  math  studying,  while  the  2P‘  century  expectations  are  at 
a much  higher  level.  Prior  preschool  teaching  was  not  officially  prejudiced,  but  it 
existed  as  a formal,  informal  and  technical.  The  following  definition  serves  as  the 
best  example  that  preschool  teaching  existed  even  in  the  earlier  stages  of  human 
evolution:  “conscious,  with  purpose,  and  more  or  less  organized  individual  and 
social  development  of  a preschool  child  is  a socially  determined  and  individually 
marked  system  of  activity,  purpose  and  process  influencing  a complete  development 
of  a child  from  its  birth  until  enrolling  a school”  (ibidum,  10). 

Before  discussing  the  importance  of  starting  with  math  in  early  childhood  edu- 
cation, it  is  necessary  to  explain  certain  principles  of  preschool  education.  “Starting 
from  the  most  human  desires,  freedom  and  happiness  as  the  highest  of  them  all, 
principles  of  preschool  education  can  be  qualified  as  follows: 

- principle  of  optimizing  child  potential  developing, 

- principle  of  play  activities, 

- principle  of  non-violent  communication, 

- principle  of  spontaneity  and  organization, 

- principle  of  suitability,”  (Suzic,  2006:10). 

These  principles  are  completely  clear  and  concrete,  even  though  the  questions 
related  to  the  aspect  of  humanity  and  pedagogical  justification  for  pushing  the  bor- 
der of  technical  education  are  not  answered  in  total.  Namely,  answers  are  greatly 
difficult  and  complex,  though  prior  experiences  related  to  preschool  education  in 
France  clearly  point  at  the  prevalent  understanding  of  a matter  according  to  which 
the  countries  with  education  system  that  includes  children  enrolling  school  earlier 
than  usual  will  be  dominant,  or  to  put  it  differently,  superior  to  others  scientifically 
and  technically. 

“If  freedom  and  happiness  are  the  supreme  principles  of  preschool  education 
and  if  an  organized  preschool  system  of  education  will  give  children  more  freedom 
and  happiness,  then  using  the  knowledge  of  our  civilization  is  justified”(Suzic, 
2006:12).  When  it  comes  to  math,  the  early  start  should  be  used  in  such  a way 
to  educate  a child  psychologically  and  intellectually,  especially  regarding  devel- 
opment of  logical  thinking,  attention,  memorizing,  noticing,  concluding,  realizing 
connections  between  elements,  relations,  etc.  Through  this  comes  to  light  the  func- 
tional component  seen  in  developing  the  psychological  and  intellectual  abilities  in 


Low  success  in  mathematics  teaching:  causes  and  consequences 


219 


children,  as  well  as  the  educational  component  that  gets  stronger  with  forming  and 
perfecting  the  positive  characteristics  of  student’s  personality. 

Even  if  each  principle,  directly  or  indirectly,  influences  the  basic  understand- 
ing of  mathematical  thought,  it  is  not  necessary  to  go  in  depth  of  all  included  in 
preschool  education  through  the  principles,  but  more  discussion  will  be  about  the 
cognitive  process  of  developing  the  mathematical  thinking. 

Thinking,  process  covered  with  abstruseness  and  secrets,  can  be  accepted  as 
a consequence  of  instinct  known  as  curiosity,  an  urge  for  learning  about  the  world 
we  lived  in.  A child  quite  early  starts  developing  its  mind,  its  logical  thinking  by 
identifying,  comparing,  differentiating,  etc.  Discovering  the  categorical  relations 
(cause-effect,  object-characteristic,  part-whole,  etc.)  and  knowing  the  purpose,  a 
child’s  thinking  starts  to  develop  and  advance  (Slatina,  2005:179). 

It  is  possible  to  roughly  determine  the  levels  and  types  of  thinking  regarding 
the  age.  For  instance,  there  is  a division  of  thinking  in  the  broadest  logical  sense. 
A resulting  type  of  thinking  process  is  a consequence  of  questions  “why?  with 
what?  how  many?”  however,  the  answers  to  the  questions  do  not  satisfy  children’s 
curiosity  as  they  are  not  formed  with  a concrete  importance.  As  an  opposition  to 
this,  there  is  a definition  of  thinking  in  its  narrowest  sense  - a consequence  of  uni- 
lateral ideas  that  are  the  result  of  adopted  mentality.  A third  kind  of  thinking  is  the 
result  of  analytical  and  synthetic  reasoning,  and  such  reasoning  is  the  consequence 
of  existing  problems,  puzzling  moments,  obstacles,  etc. 

It  is  an  indisputable  fact  that  development  of  child’s  brain  requires  not  only 
congenital,  or  genetic  factors,  but  also  external  stimuli  experienced  through  touch, 
speech,  pictures  and  it  can  be  concluded  that  surrounding  shape  the  brain,  or  to  put 
it  differently,  external  stimuli  in  some  way  connect  brain  cells  and  neurons. 

Researches  bring  new  facts  pointing  at  the  prior  mistakes  made  when  it  comes 
to  children  education.  Gordon  Dryden  (2001)  explains  why  babies  need  to  watch 
sharp  contrasts.  “In  the  first  months  after  the  birth,  a child’s  brain  establishes 
its  optic  tract.  A child’s  cortex  has  six  cell  layers  that  transfer  different  signals 
from  retina  through  optic  nerve,  and  to  the  brain.  For  instance,  one  of  the  layers 
transmits  signal  for  horizontal  lines,  while  the  other  for  perpendicular.  Other  lay- 
ers or  columns  deal  with  circles,  quadrants  and  triangles.  If  the  child’s  saw  only 
horizontal  lines,  then  it  would  hit  objects  while  walking  or  crawling,  because  its 
optic  tracts  would  not  process  perpendicular  lines”  (Dryden,  2001:242). 

Ronald  Koutlack  (1996)  claims  that  even  in  case  that  a person’s  brain  is  per- 
fect, that  person  will  not  be  able  to  see  if  the  brain  does  not  process  visual  stimuli 
before  they  reach  two  years,  and  will  not  learn  to  speak  if  does  not  hear  the  speech 
by  the  age  ten,  and  hence  the  suggestion  that  babies  should  be  exposed  to  strong 
black  and  white  contrasts,  and  not  to  cover  the  walls  with  monotonous  wallpapers 
(Koutlack,  1996). 

According  to  prior  researches,  especially  the  one  by  Birkenbihle  (1989),  it  is 
possible  to  differentiate  two  brains  “older”  and  “younger.”  Biological  program,  a 
hardware,  is  placed  in  the  old  brain  and  its  function  is  to  control  conclusion,  pain 
and  discomfort  avoidance,  motivation  and  lowers  the  urge  for  escaping,  surviving 
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instinct,  urge  to  satisfy  vital  needs,  manage  and  control  behavior,  blocks  the  think- 
ing, reality  awareness,  body  movements  control:  it  is  a place  where  the  feelings 
and  memories  are  stored,  a place  of  Freudian  “id”  and  child’s  “I”  (Berne),  our 
super-conscious,  subconscious,  and  probably  much  more  yet  undiscovered. 

On  the  other  hand,  there  is  a “new”  brain  which  is  an  integral  part  of  both 
hemispheres,  and  represents  software,  with  roles  and  tasks  related  to  connecting, 
analyzing,  concluding,  think  about  the  self,  self-exploring,  satisfaction,  intelligence 
and  creativity  (Brajsa,  2995:53). 

According  to  Piaget  (1970),  development  of  thinking  can  be  roughly  divided 
into  four  phases,  in  such  a way  that  every  new  phase  is  closely  connected  to  the 
previous.  Based  on  the  experiments,  Piaget  makes  a scale  based  on  age  and  lists  the 
first  period,  or  sensor-motoring  phase,  lasting  from  the  birth  up  to  eighteen  months. 
The  basic  characteristic  of  the  first  period  is  that  a baby  understands  a connection 
between  a feeling  and  an  action,  that  an  object  existence  is  proved  in  seeing  it, 
while  in  the  mature  stadium,  a baby  becomes  more  aware  of  objects  without  seeing 
it,  and  it  also  becomes  aware  of  reversibility. 

The  second  period  (between  1 8 months  and  the  seventh  year  of  life) , Piaget 
calls  per-operating  period  that  he  divides  into  two  sub-periods,  2a  and  2b.  Both 
have  their  characteristics  regarding  the  child’s  behavior  and  the  world  seen  through 
their  eyes,  especially  in  2a,  when  the  problems  are  solved  intuitively,  while  the 
logic  takes  place  in  the  phase  2b,  a period  of  collision  between  a child’s  perception 
and  logic. 

The  third  period  (between  the  seventh  and  twelfth  year  of  life),  so  called 
concrete-operating  period,  is  the  period  when  logic  takes  the  lead,  even  though  the 
period  is  marked  by  close  perception  and  earlier  experience.  A child  understands  a 
term  commutativity,  summing  and  reversibility,  enabled  to  conclude  that,  for  exam- 
ple, 7 — 3 = 4,  because  34-4  = 7,  even  though  it  does  not  highlights  the  opposition 
between  the  given  operations.  It  is  interesting  to  mention  that  a child  in  this  period 
understands  a term  transitivity  given  in  forms  such  as  A = B = C A = C, 
or  A > B,  B > C A > C,  but  when  it  comes  to  tasks  such  as  “Emir  is  higher 
than  Goran,  Goran  is  higher  than  Zlatan:  Who  is  the  highest?”,  children  are  not 
prepared  to  give  to  correct  answer.  This  inability  Piaget  sees  in  the  fact  that  logic 
takes  more  significant  role  in  thinking,  but  also  that  the  logic  is  still  largely  based 
on  finding  a solution  based  on  perception. 

The  fourth  period  is  marked  by  abilities  to  prove  abstract  stands  by  deduction, 
logic,  and  so  forth.  It  is  thought-provoking  that  children  think  only  hypothetically, 
without  understanding  a possibility  of  the  practical  realization  of  a problem,  for 
example:  if  15  eggs  cost  2 KM,  how  many  eggs  can  you  buy  if  you  have  1 KM? 
Children  usually  say  7,5  eggs,  and  children  do  not  interest  if  such  an  answer  is  even 
probable. 

The  questions  of  relevance  can  be  shown  in  the  following  example: 

What  is  more  important  for  children,  realizing  that  7 • 2 equals  2 • 7 or  mem- 
orizing that  2 • 7 = 14,  or  in  fewer  words,  is  it  calculating  more  important  than 
realizing?  And  here  lies  the  question,  here  among  supposedly  irrelevant  things. 
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“When  studying  the  calculus,  understanding  is  required,  when  studying  under- 
standing, calculating  is  required”  (Liebeck,  1984:7). 

Without  taking  into  count  demands  of  galloping,  and  ruthless  phenomenon 
called  globalization,  it  should  not  be  forgotten  that  every  child  should  be  given 
an  opportunity  to  realize  the  mathematical  problem  visually  (lego,  sticks,  tangram, 
abacus,  etc.)  and  based  on  the  visual  be  able  to  sketch  the  required  form  (quadrants, 
triangles,  circles,  etc.)  and  join  the  sketches  to  symbols,  or  numbers.  Jean  Piaget, 
describing  the  Aebly’s  work  within  the  spheres  of  operating  methods,  emphasizes 
the  conditions  of  education,  which  can  give  accelerating  or  decelerating  effects, 
and  it  is  recommended  that  symbols  are  used  in  order  to  show  the  significance  of 
the  concrete  display  (Aebly,  1982,  chf.  Piaget,  1983). 

There  is  a fact  that  “children  are  born  smart”  and  a large  number  of  children 
even  before  starting  with  school  are  familiar  with  the  elementary  math  operations 
such  as  summing,  multiplying,  dividing,  and  all  please  the  parents  who  are  greatly 
responsible  for  their  children’s  physical  and  intellectual  development.  A large  num- 
ber of  high  school  students,  due  to  the  abstract  notion  of  the  concept,  understand 
the  operation  2a  + 2b  as  4ab. 

Galperin,  Lompser,  along  with  Bruner  continued  with  the  research  based  on 
Piaget  theses  that  all  cognitive  activities  are  based  on  a transfer  and  copy  of  realistic 
activities  of  the  real  objects,  and  came  to  a conclusion  that  mental  activities  take 
place  on  several  related  levels. 

1.  The  level  of  practical  and  objective  activities  that  enable  the  cognition  of  an 
object. 

2.  The  level  of  direct  insight.  It  is  highly  important  to  emphasize  the  fact  that 
spotting  an  object  is  not  sufficient  solely,  but  also  matching  the  object  with 
the  related  characteristics. 

3.  The  level  of  indirect  insight.  Activating  prior  memorized  and  comparative 
approach  to  an  object  happens  at  this  level. 

4.  The  level  of  lingual-conceptual  approach,  where  mental  activity  happens 
primarily  in  terms  of  notions,  or  concepts;  in  other  words,  within  abstract, 
indirect  structures. 

The  fact  is  that  students  can  easily  identify  the  number  of  parallelepiped  in 
terms  of  abstract  thinking,  rather  than  realizing  things  in  terms  of  doing.  To  put 
it  differently,  abstract-concept  processing  is  much  more  prominent  if  compared  to 
visual-object  processing.  Developing  the  theory  about  the  children’s  thinking  and 
operating  processes,  Piaget  emphasizes  the  influence  of  Lompser,  and  lists  four 
cognitive  levels  that,  on  the  one  hand,  represent  the  genetic  order  -that  the  higher 
level  stems  from  its  “predecessor”.  On  the  other  hand,  lower  levels  never  cease  to 
exist,  and  new  planes  of  reasoning  influence  the  older  ones  changing  their  char- 
acteristics. During  development,  relations  between  the  planes  change  constantly 
(Lompser,  1972,  chf.  Piaget,  1983). 

Prior  researches,  as  well  as  practices,  have  shown  that  combined  operations  in 
mathematics  give  better  results  when  solving  a task  if  compared  to  solving  it  using 
only  one  operation.  For  example,  when  it  comes  to  multiplying,  it  is  recommended 
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to  use  summing  and  subtraction,  as  shown  in  the  following  example: 

6-9  = 9-6  = 9-5  + 91  = 10-6-1-6 

Tasks  presented  in  this  or  similar  way,  educe  the  sense  of  flexibility,  combin- 
ing, freedom,  resulting  in  easier  and  simpler  learning  the  multiplying  table,  since 
the  students  are  offered  a number  of  ways  how  to  achieve  it. 

On  the  other  hand,  the  receptive  method  of  learning  has  proved  to  be  extremely 
efficient,  and  it  allows  students  to  search  and  find  the  best  ways  to  reaching  their 
goal.  It  is  important  to  emphasize  that  learning  new  math  theories,  skills,  op- 
erations, new  terms  and  their  adequate  application  in  problem  solving,  must  be 
based  on  prior  knowledge.  Namely,  math  skills  cumulativity  and  its  functionality 
is  demonstrated  at  this,  and  similar  situations. 

It  is  important  to  say  that  rarely  only  one  learning  method  is  used;  variety  of 
forms  are  intertwined  and  complete  each  other,  and  in  math  the  following  forms 
are  met: 

1.  Associative  learning  (learning  based  on  signals  and  stimuli  that  transform 
into  automatic  knowledge,  such  as  multiplying  table,  fractions,  equations, 
etc.). 

2.  Discriminatory  learning  (comes  to  tending  the  ability  to  differentiate  be- 
tween the  notions  such  as  quadrants,  etc). 

3.  Math  term  learning  (certain  terms  must  be  understood  axiomatically,  and 
then  move  to  the  more  complex  terms). 

4.  Learning  the  math  rules  (defining  the  problems  using  theories  and  theo- 
rems). 

5.  learning  the  heuristic  rules  (learning  with  understanding,  making  distinc- 
tion between  the  receptive  and  cognitive,  realize  the  given  data,  and  what  is 
required;  what  is  the  best  way  to  solve  a problem?). 

6.  Math  problem  solving  (learning  through  solving  math  relations,  solving 
typical,  and  constructive  math  problems) . 

7.  Insight  learning  (Bandura,  1977:31). 

There  are  many  dilemmas  when  it  comes  to  alternative  beginning  of  planned 
and  cognitive  children’s  learning.  Dryden  Gordon  analyzed  the  problem  as  well, 
describing  the  work  of  Harvard  professor  Burton  L.  White,  and  claimed  that,  in  the 
history  of  Western  education,  there  was  not  a society  that  recognized  the  importance 
of  early  age  education.  Also,  there  were  no  preparations  or  help  offered  to  families 
as  a goal  to  start  early  development  of  children.  Professor  White  also  pointed  at  the 
fact  that  the  most  important  period  is  the  one  between  the  moment  of  a child  start 
walking  and  the  second  year,  and  emphasized  the  importance  of  early  age  education 
as  fundamental  and  crucial  for  development  of  speech,  curiosity,  intelligence  and 
sociability  (White,  1991;  chf  Dryden,  2001:253). 

Optimizing  the  child’s  potentials  development  includes  creating  conditions 
and  organizing  activities  that  will  help  a child  in  developing  its  capabilities,  com- 
petences, and  personal  characteristics  needed  for  free  and  happy  life  in  social  and 
natural  surroundings,  a place  where  a child  will  spend  its  life.  It  is  difficult,  and 
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almost  impossible  to  predict  the  conditions  and  life  space  of  a person,  since  it  is 
necessary,  form  the  early  childhood,  to  prepare  a person  for  education  and  develop- 
ing the  competences,  for  self-training.  It  is  certain  that  the  century  civilization 
will  be  marked  by  educated  society.  Constant  development  of  competences  and 
lifelong  education  become  the  condition  to  freedom  of  a modern  man. 

Results  of  these  researches,  and  these  thoughts,  would  be  inhuman  to  complete 
without  asking  a questions  asked  numerous  times:  does  the  early  childhood  takes 
the  childhood  form  children?  The  answer  could  be  the  following  statement:  As 
long  as  a child  has  a blast  while  learning,  there  is  no  danger  for  its  mental  health, 
and  if  the  child  cannot  find  learning  fun,  teaching  should  be  stopped. 

Low  success  and  the  low  level  of  math  knowledge  is  not  a presupposition,  but 
a fact  supported  with  reports  from  primary  and  secondary  schools.  Most  of  the 
answers  students  gave  in  a survey  picture  mathematics  as  difficult,  boring,  and  too 
demanding. 

There  are  a lot  of  “culprits”  accused  of  low  success  in  fields  of  mathematics,  but 
qualifying  or  making  a hierarchical  ladder  would  be  ungrateful  and  irresponsible. 
Namely,  there  is  no  specific  and  well-defined  stand  to  identify  the  “culprit”  and  as 
such  eliminate  or  reduce  the  number  of  them  as  much  as  possible.  Something  that 
really  stands  out  from  the  reports  are  much  mentioned  inadequate  and  overfilled 
teaching  plan  and  program,  too  many  students  in  classrooms,  unskilled  teachers, 
bad  textbooks,  old  methodical  - didactic  forms  that  are  no  longer  used,  bad  family 
conditions  caused  by  low  life  standards,  etc. 

Low  success  in  the  mathematics  teaching  is  the  result  of  many  factors,  and  it 
would  be  ungrateful  to  name  only  few. 

Possible  “culprits”  should  be  found  in  schools,  classes,  ways  the  teaching  is 
conducted,  and  it  is  pure  necessity  to  find  the  answers  to  questions  such  as  “who? 
how?  and  what?”  is  taught.  It  is  out  of  doubt  that  one  decent  answer  would  at  least 
partially  resolved  the  cause  of  law  success  in  match  teaching. 

Many  prior  analyses,  based  on  tests,  surveys,  pedagogical  documents,  in  this 
region  and  in  the  world,  favor  the  earlier  statement,  as  well.  Also,  we  witness 
discrepancy  in  grading  the  same  subject  by  different  teachers.  The  fact  is  that  in 
a large  number  of  students  after  completion  their  primary  school,  enroll  secondary 
school  with  the  highest  grades,  and  similarly  students  enroll  a faculty  with  the 
highest  grades  after  completing  their  secondary  school. 

During  the  high  school  education,  evident  in  end-term  classification,  the  results 
are  much  lower  than  those  in  primary  school,  with  the  slight  rise  in  success  by  the 
end  of  the  year.  However,  the  results  are  still  lower  than  those  from  primary  school 
with  improvement  seen  at  the  end  of  the  year,  but  there  is  clear  difference  in  the 
final  grade  in  the  eighth  grade  and  the  first  year  of  secondary  schools.  Discrepancy 
in  math  class  grading  is  influenced  by  a number  of  criteria,  and  the  factors  are  only 
partially  revealed.  In  order  to  solve  this  problem,  interactive  teaching  method  of- 
fers something  that  might  help  up  to  a certain  degree,  and  Ante  Vuksanovic  claims 
the  following:  “A  solution  to  the  problem  appears  as  intellectual  and  practical 
form,  and  through  practice  students  contemplate  intensely,  research,  they  act,  find 
solutions,  and  study”  (Vuksanovic,  1977:311). 
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Low  success  in  math  teaching  is  only  partially  mentioned,  and  it  is  expected 
to  find  the  right  solution  through  identifying,  preventing  and  removing  the  causes. 
Scientific  research  should  offer  some  indicators  that  will  help  finding  ideas  for  ade- 
quate didactic  and  methodical  actions  to  apply  in  math  teaching.  The  results  should 
make  practical  teaching  possible,  and  that  would  to  an  extent  remove  the  cause  of 
the  low  success.  It  is  completely  unjustified  to  perceive  interactive  teaching  as  the 
solution  to  all  the  problems  found  in  education  process,  and  math  teaching  as  well. 
However,  interactive  teaching  if  applied,  and  combined  to  other  teaching  methods 
should  definitely  improve  teaching  on  many  levels. 

Failure  in  math  classes,  as  well  as  failures  in  other  spheres  of  life,  have  their 
own  characteristics  that  are  easily  recognized.  Students’  passive  behavior,  no  mat- 
ter what  method  and  material  used,  vividly  describes  the  causes  of  students’  failure 
in  math  and  other  subjects.  Of  course,  everything  mentioned  should  not  be  ascribed 
solely  to  math  teaching,  for  many  factors  influence  students’  psyche,  manifested 
through  ignoring  studying  in  general,  and  given  the  fact  that  such  behavior  is  not  so 
common,  it  should  not  be  taken  into  count.  There  are  two  types  of  characteristics 
- qualitative  and  quantitative.  Regardless  of  the  type,  they  are  easily  recognized 
especially  through  direct  teaching.  The  fact  that  quantitative  properties  are  marked 
by  cummulativity  can  be  seen  as  negative,  in  other  words,  gradual  increase  of 
ignorance  in  the  area  of  mathematics,  is  surely  a direct  consequence  of  nature  of 
mathematics  as  science. 

Namely,  there  are  many  factors  that  make  math  so  difficult  - terminology, 
measures,  parameters,  operations,  symbols  that  are  connected  and  compatible;  all 
result  that  every  new  math  discipline  is  conditioned  through  prior  acquisition  of 
definitions,  theorems,  theories,  operations  and  facts  related  to  other  sciences.  In 
other  words,  mathematics  makes  a whole  where  every  part  matters,  and  there  lies 
its  gravity. 

On  the  other  hand,  the  problem  with  studying  math  is  that  the  symptoms  do 
not  appear  suddenly,  but  their  existence  is  largely  hidden  and  is  in  a function  of 
time  as  the  parameter.  Rationalization  and  other  subconscious  mechanisms  show 
their  influence,  which  altogether  result  in  low  success  of  students  in  math. 

According  to  the  Polish  pedagogue  Konopnicki,  there  are  four  stages  in  teach- 
ing process  and  the  failure  birth. 

The  first  stage  is  characterized  by  subtle  gaps  in  students’  knowledge,  they  are 
caused  by  the  reactions  of  students  manifested  through  defensive  attitude  toward 
school  and  classes.  As  the  gaps  grow,  which  is  inevitable,  the  loss  of  motivations 
appear,  and  consequently  - the  loss  of  will  to  study. 

The  second  stage  is  manifested  in  the  inability  to  be  fully  focused  on  teaching 
process,  and  increased  problems  non-monitored  work.  Regardless,  the  magnitude 
of  symptoms,  teachers,  or  even  the  parents,  do  not  pay  much  attention. 

The  third  stage  is  characterized  by  students’  indolent  approach  to  teaching  and 
school;  students  neglect  their  obligations  resulting  in  low  grades,  which  is  the  very 
first  indicator  of  a serious  problem.  Increased  number  of  low  grades  results  in 
student’s  passive  approach  to  the  process  of  teaching.  A student  has  difficulties 
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coping  with  a number  of  problems,  and  without  help  from  the  outside  world,  one 
does  not  get  back  to  the  normal  state. 

The  feelings  of  helplessness  and  rejection  are  manifested  in  the  fourth  stage, 
and  is  the  compensated  through  other  forms  uncommon  for  the  teaching  process. 
In  regard  to  the  number  of  low  grades,  a student  is  being  suggested  to  attend  the 
same  course  again,  but  that  is  not  the  only  option,  if  the  students  decide  to  study 
with  teacher’s  help,  or  instructive  teaching  (Knopnicki,  1969:452). 

Negativities  are  difficult  to  prevent,  but  anything  should  be  done  to  decrease 
their  number.  Teachers,  pedagogical  and  social  services,  and  parents  can  participate 
in  preventing  the  problems.  Even  if  it  is  impossible  to  prevent  them  completely, 
there  is  still  something  to  be  done  - a constant  monitoring  over  student’s  progress 
in  teaching  process.  Namely,  noticing  the  problem  at  time,  could  help  choosing  the 
right  steps  for  preventing  failure. 

In  short,  failure  in  math  teaching  is  manifested  through: 

- unsatisfactory  prior  knowledge  of  basic  terms,  rules,  and  mathematical  laws, 

- insufficiency  knowledge  of  the  math  language  and  its  application, 

- insufficiency  of  math  operations  automation, 

- bad  or  non-existent  ability  to  memorize  math  formulas. 

Interactive  teaching  makes  it  possible  that  each  student  is  active,  resulting  in 
changing  views  and  ideas,  and  ambiguities.  That  kind  of  approach  to  teaching  in- 
fluences the  abilities  and  techniques  of  listening  and  demonstration  of  ideas,  which 
all  help  setting  the  ground  rules  in  math.  Teaching  is  conducted  in  such  a way  that 
a student  is  subject  and  not  passive  observer.  Memorizing  happens  spontaneously 
and  creative  thinking  is  in  a way  emphasized.  Co-operation  takes  place,  which  is 
an  excellent  precondition  for  eliminating  factors  that  cause  unsatisfactory  success 
in  math  teaching. 

Mathematics  as  the  key  subject  of  this  project  contributes  the  implementation 
of  a number  of  pedagogical  effects,  and  all  together  form  the  personality  prepared 
for  the  2E‘  century  life,  of  which  Suzic  says:  “If  the  first  generations  of  primary 
school  are  being  taught  interactive  methods,  pair  work,  control  their  emotions, 
preset  their  accomplishments,  and  to  find  information  as  quick  as  possible,  and, 
of  course,  to  use  them.  Above  all,  those  will  be  open-minded  people,  ready  to 
cooperate,  and  support  others.  That  is  the  way  to  accomplish  peace  that  is  the 
ultimate  wish  of  all  people  in  this  region”  (Suzic,  2001:87). 


The  cause  of  low  success  in  math  teaching 

The  exact  or  abstract  make  the  mathematics  so  difficult  to  comprehend.  The 
very  first  encounter  with  something  such  as  the  plate,  round,  circle,  cylinder,  can 
seem  abstract  to  children,  while  the  formula  E = mc^  causes  the  same  effect  with 
the  grown  people.  The  number  two  can  also  be  but  an  abstraction,  until  adding  two 
elements  to  mark  the  abstract  notion:  two  students,  two  coins,  two  books,  etc.  All 
mathematical  operations,  including  the  elementary  ones  - summing  or  subtracting. 
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are  more  abstract  if  compared  to  the  notion  of  the  number.  Difficulty  of  correspon- 
dences between  concrete  and  numeric  marks,  and  as  the  ultimate  goal  of  the  first 
phase  of  abstracting,  is  unavoidable  phase  in  understanding  mathematics,  and  it 
can  be  accepted  as  one  of  the  first  causes  of  low  success  in  math  teaching. 

If  asked  “how  to  teach”  all  schools  would  answer  the  same  - that  it  is  conducted 
according  to  principles  of  logic,  psychology,  and  philosophy.  It  is  the  truth  that 
small  number  of  schools  support  creative  thinking,  that  is  to  say,  the  ability  to  open 
the  mind  (free  from  other  ideas)  and  search  the  new  ones,  to  look  at  things  in  a 
different  manners  and  directions.  The  human  mind  is  capable  of  conceptualizing, 
analyzing,  speculating;  it  is  able  to  find  numerous  solutions  including  those  that 
are  critical,  silly,  convergent,  divergent,  bizarre,  reflective,  visual,  symbolic,  nu- 
merical, metaphorical,  mythical,  poetic,  verbal,  non-verbal,  practical,  ambiguous, 
constructive,  realistic,  surreal,  focused,  creative,  concrete,  objective,  subjective. 

A solution  to  any  problem,  the  brain  finds  in  empirical  data  search  - in  or- 
der to  find  the  exact  or  similar  situation  solved  before.  Inadvertent  limitation  of 
brain  activity  is  conditioned  with  prejudices,  taboos,  which  is  closely  related  to 
national,  religious,  psychological,  or  other  feelings.  But,  let  us  ask:  Are  the  one 
who  others  expected  to  be?  The  parents,  teachers  and  the  milieu  transmit  their 
expectations  through  the  words,  views,  mood  and  body  language  in  such  a way  that 
those  expectations  become  student’s  expectations,  as  well. 

The  schools  of  all  levels  already  did  what  they  wanted,  or  are  still  doing,  so  it 
can  be  said  that  we  are  preordained,  or  “sentenced”  to  direct  answers,  left  without 
an  opportunity  to  find  other  ways  or  solutions.  There  is  no  doubt  that  every  person 
claim  that  their  school,  secondary  or  higher,  is  the  best,  and  if  not  that,  then  at 
least  one  of  the  best.  This  kind  of  opinion  should  be  accepted  as  normal,  or  usual, 
because  seldom  a person  has  the  clear  picture  and  cannot  be  objective,  just  as  there 
is  not  one  teaching,  religious  or  health  system  that  is  perfect  for  everyone.  Fear 
and  subjectivity  lies  in  all  of  us,  including  the  students.  In  order  to  overcome  such 
emotions,  it  is  of  utmost  importance  to  include  more  fun  in  teaching.  Fun  and 
entertainment  make  great  working  atmosphere,  which  is  a condition  for  creative 
that  our  schools  lack;  this  should  also  be  applied  when  it  comes  to  math  teaching, 
since  many  claim  that  it  is  filled  with  abstractions,  which  makes  it  difficult  to 
comprehend,  and  as  such  math  is  repulsive  to  the  majority  of  students. 

Language,  as  a means  of  communication,  also,  in  essence,  is  an  abstraction, 
but  unlike  mathematics,  abstraction  in  mathematics  is  not  necessary  when  it  comes 
to  explaining  certain  terms,  and  as  such,  does  not  require  hierarchy  of  concepts. 
Abstraction  is  dominant  in  math  and  probated  with  prior  knowledge  about  abstrac- 
tions, and  all  in  order  to  solve  more  complex  operations.  Teacher’s  competence  to 
make  the  connection  between  the  real  world  and  the  hierarchy  of  abstract  concepts 
could  make  learning  math  easier. 

It  is  an  indisputable  fact  that  students  come  to  primary  school  with  a high 
dose  of  interest  for  numbers  and  math.  As  the  years  pass,  that  spontaneity  and 
satisfaction  decreases,  and  they  leave  their  schools  with  great  disgust  toward  math 
and  notion  that  mathematics  is  extremely  boring  and  difficult  to  comprehend.  All 
subjects,  math  included,  are  usually  perceived  as  highly  complicated  activities,  that 
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exist  for  no  obvious  reason,  and  students  fail  to  see  them  as  a means  of  under- 
standing the  world  they  live  in.  Consequences  are  serious,  for  they  point  out  how 
their  lives  are  limited,  and  how  small  the  number  of  national  talents  really  is,  and 
it  should  not  really  be.  According  to  the  SCANS  (The  Secretary’s  Commission  on 
Achieving  Necessary  Skills  ) report,  titled  “What  Work  Requires  of  Schools”,  that 
more  than  fifty  per  cent  of  the  American  youth  leaves  the  school  without  know- 
ledge required  for  finding  and  keeping  good  working  position.  “The  youth  will 
pay  the  price.  They  are  facing  the  sad  perspective  of  a dead-end  work,  which  will 
be  interrupted  only  in  periods  of  unemploymenf’  (Dry den,  2001:271).  According 
to  estimations,  less  than  half  of  the  adults  acquired  the  minimal  literacy  that  is 
required.  The  number  of  those  successful  in  math  is  even  smaller,  and  schools 
nowadays  only  indirectly  deal  with  listening  and  speaking.  The  working  class  is 
not  well-educated,  lacks  practice,  and  is  not  fully  qualified  (ibid.) 

When  it  comes  to  the  math  teaching  in  this  region,  the  situation  is  not  better  - 
actually  it  is  even  worse.  It  would  be  great  if  the  guilty  party  should  be  found  in 
schools,  regardless  of  the  social  structures  that  spawn  the  exact  schools,  and  itself 
preordained  to  create  failures.  The  worst  thing  would  be  to  expect  new  techniques 
to  right  all  the  wrong,  and  prove  successful  in  the  society  where  the  majority  of  its 
members  is  doomed  to  fail.  Schools  today  are  what  they  are,  not  able  to  change, 
and  ironically  enough,  they  represent  the  essential  hope  that  things  will  change  for 
better. 

It  is  evident  that  continuing  the  education,  there  is  increase  of  low  success  rate, 
especially  in  math.  Namely,  a greater  part  of  mathematics  in  the  first  year  of  sec- 
ondary school,  is  basically  the  same  subject  matter  taught  in  the  primary  schools, 
but  with  more  direct  approach  to  task  analysis,  and  its  theoretical  background.  For 
example,  in  case  of  primary  school  math,  here  comes  to  light  the  fact  that  good  and 
quality  accomplishments  are  the  result  of  quality  and  complete  prior  knowledge. 

Mathematics  by  nature  falls  into  a group  of  sciences  that  requires  great  in- 
tellectual effort,  and  is  recognized  as  a difficult  teaching  discipline.  Saying  that 
children  know  a lot,  but  understand  very  little,  support  the  theses  that  difficulty 
lies  in  unsatisfactory  intellectual  development  of  the  students  which  is,  of  course, 
incorrect.  Implementation  and  realization  of  the  math  teaching  material  through  the 
methods,  can  be  also  said  to  represent  one  of  the  cmcial  elements  that  contributes 
the  difficulty  of  math. 

Social  environment,  surroundings,  the  place  where  a student  lives,  life  style 
- all  are  listed  as  possible  factors  that  contribute  to  the  low  success  rate  in  math 
teaching.  As  one  of  the  main  reasons  to  low  math  knowledge  is  the  number  of 
hours  prescribed  in  the  teaching  plan,  and  the  number  is  small  if  compared  to  the 
European  standards,  as  well  as  the  number  of  students  in  classes,  which  affects  the 
quality  of  teaching.  Now,  there  is  a question  where  to  find  the  major  culprit.  The 
most  obvious  solution  to  the  problem  would  be  to  “accuse”  the  outside  factor,  but 
all  prior  researches  point  out  the  fact  that  the  reason  is  complex  and  found  within 
the  schools. 

Failure  or  success  in  math  teaching  is  closely  related  to  the  student’s  maturity, 
organization  and  realization  of  teaching  process,  math  teaching  methodology,  stu- 
dent’s environment,  vocational  and  pedagogical  capabilities  of  a teacher,  student’s 
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talent,  and  other  factors  (Frommberger,  1955:168).  But  what  should  be  placed  on 
the  first  place  of  the  hierarchical  ladder  of  factors,  or  causes  to  low  success  rate 
in  math  teaching?  Every  listed  factor  has  its  effect.  There  is  a way  to  prevent  the 
failure  in  math  teaching,  and  certain  steps  should  be  made:  math  teaching  process 
must  be  adjusted  to  the  students’  need,  students  must  be  motivated,  their  energy 
must  be  developed,  they  must  be  taught  how  to  study,  to  develop  the  ability  to 
understand  abstract  concepts. 

A number  of  high  school  teachers  demonstrate  their  and  supremacy  over  stu- 
dents, claiming  that  education  is  not  obligatory  which  creates  in  students  repulsion, 
fear,  frustration  and  other  negative  effects.  Mathematics  teaching  methodology, 
like  it  or  not,  clearly  show  our  automatism.  Being  aware  or  unaware  of  the  prob- 
lem, in  order  to  solve  it  the  first  step  must  be  made,  then  the  second,  and  so  on. 
This  road  to  success  must  be  closely  connected  with  the  cognitive  structure  of  the 
child’s  central  nervous  system. 

Implementing  the  interactive  teaching  as  a novelty  and  a new  model  of  educa- 
tion in  schools  should,  without  a doubt,  yield  positive  results.  “Innovation  school 
is  perceived  as  a continual  process,  that  will  be  constantly  improved.  It  does  not 
take  only  the  best,  that  with  high  quality,  rational,  pedagogical,  but  the  innovation 
school  creates  new,  improved  and  all  in  aims  and  contents  of  the  teaching  process; 
in  school  development,  methods,  media,  technical  and  technological  solutions;  in 
more  sensible  and  efficient  forms  of  teaching,  in  methods  and  actions”  (Miljevic, 
2003:99). 

It  can  be  concluded  that  from  the  very  moment  when  teachers  choose  the 
significant,  adequate,  and  in  a way,  exciting  topics,  in  math  and  other  scientific 
discipline;  when  they  start  to  favor  group  work  in  all  forms,  support  the  compet- 
itiveness in  students,  focus  on  the  research  based  work.  The  focus  should  not  be 
set  on  mare  memorizing  the  rules  and  formulas,  and  the  moment  they  realize  that 
the  students  know  what  is  actually  being  expected  from  them,  the  larger  number  of 
students  will  begin  to  study. 

Mathematics  with  its  language,  operations,  symbols,  theorems,  proofs,  logical 
operations,  and  with  everything  needed  for  successful  functioning  demands  contin- 
ual improving.  “Piling  up”  of  the  studying  material  cause  panic  in  students  because 
they  are  convinced  that  they  cannot  catch  up,  which  all  result  in  students’  passive 
attitude  toward  math  and  repulsion  toward  teaching. 

Passivity  is  not  only  manifested  in  math,  but  also  in  other  school  subjects, 
which  affects  the  student’s  mindset.  Decrease  in  math  learning  directly  causes  a 
decrease  in  mental  abilities,  not  to  mention  other  consequences. 

Due  to  unsatisfactory  activity  of  teachers,  pedagogues,  teachers,  parents,  there 
is  the  syndrome  of  low  self-esteem  found  in  students,  doubt  in  their  abilities  and 
themselves. 

The  first  phase  of  indifference  in  regard  to  the  math  teaching,  as  well  as  other 
subjects,  is  not  necessarily  the  result  of  piled  up  problems  in  conducting  the  teach- 
ing, but  can  the  consequence  of  other  factors,  that  can  be  placed  in  the  following 
categories: 
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- pedagogical, 

- psychological, 

- social, 

- economic. 

As  previously  mentioned,  one  of  the  most  common  reasons  for  such  behavior 
toward  math  teaching  process  is  piling  up  the  teaching  material,  quantitatively  and 
qualitatively.  Quantitativeness  is  recognized  in  the  absence  of  developed  working 
habits,  sense  of  obligation,  ignorance  when  it  come  to  the  basic  mathematical  facts. 
Quantitativeness  manifests  through  the  lack  of  logical  reasoning,  reversibility,  etc. 

The  lack  of  quality  and  quantity  in  math  teaching  process,  results  in  passive 
attitude  toward  math,  inability  to  comprehend  the  material,  and  all  leads  to  math 
losing  its  prime  function  in  the  educational  process. 

Students  very  often  close  themselves  in  their  own  worlds,  and  try  not  to  attract 
the  attentions,  and  they  are  often  exposed  to  ridicule  due  their  lack  of  knowledge. 
With  time,  they  get  less  and  less  attention  resulting  in  student’s  alienation  and, 
apathy,  and  the  loss  of  confidence  and  ambitions. 

Social  consequences  are  obvious  and  manifested  through  asocial  behavior, 
easily  recognized  in  arbitrariness,  absence,  disrespect  toward  teacher,  colleagues, 
and  aggressive  behavior. 

When  it  comes  to  economic  consequences,  one  of  them  is  retaking  the  class. 
Undoubtedly,  mathematics  appears  to  be  one  of  those  subjects  that  takes  the  lead 
when  it  comes  to  the  reason  why  the  students  must  repeat  a year  at  school.  The 
conclusion  would  be  that  the  higher  success  rate  in  math  teaching  would  improve 
the  financial  status. 


Eliminating  the  failure  in  math  teaching 

The  first  step  toward  the  eliminating  or  lowering  the  rate  of  failure  at  teaching, 
as  well  as  in  developing  the  interest  and  will  in  students,  is  ascribed  to  teacher.  A 
teacher’s  task  is  to  be  fully  committed  and  persistent.  The  primary  activity  would 
be  identification  the  failure  causes.  They  can  be  recognized  through: 

- partial  or  complete  lack  of  mathematical  knowledge  (concepts  and  rules), 

- weak  or  non-existent  knowledge  of  mathematical  language, 

- weak  or  non-existent  knowledge  of  math  operations, 

- passive  attitude, 

- weak  or  non-existent  working  habits, 

- lack  of  sense  of  responsibility. 

In  essence,  all  those  reasons  could  be  sum  up  or  ascribe  to  the  lack  of  in- 
tellectual, aesthetic,  and  physical  education.  Student  can  demonstrate  only  one 
of  the  reasons,  but  they  are  usually  expressed  in  “clusters”.  Some  of  the  reasons 
are  hidden,  and  some  of  the  become  more  prominent  with  the  growth  of  negative 


230 


Sead  Resic  and  Amir  Suijicic 


effects.  Identifying  the  causes  can  help  finding  the  adequate  measures  for  their 
prevention  and  elimination. 

Elimination  of  causes  and  the  full  engagement  of  students  into  teaching  process 
in  a number  of  ways: 

- remedial  teaching, 

- additional  teaching, 

- repeating  a year  at  school. 

Remedial  teaching  is  similar  to  the  regular  teaching,  except  the  method  and 
number  of  students  that  participate  in  it.  It  is  organized  during  the  school  year, 
when  it  is  necessary,  and  is  focused  on  students  with  difficulties  in  understanding 
the  teaching  material.  Remedial  teaching  aim  at  the  filling  in  the  gaps  occurred 
within  the  regular  teaching.  Experiences  have  shown  that  this  type  of  teaching  is 
extremely  productive  and  students  advance.  The  effect  of  the  remedial  teaching 
would  be  even  greater  if  the  greater  number  of  teachers  are  trained,  because  prior 
practice  has  show  that  the  work  within  remedial  teaching  does  not  differ  from  the 
regular  teaching,  even  though  such  type  of  teaching  should  be  adjusted  to  every 
student,  and  that  is  exactly  what  makes  it  so  specific. 

Additional  teaching  is  organized  upon  finishing  the  school  year,  and  the  main 
goal  is  to  help  students  acquire  knowledge  with  additional  hours  in  class.  Basically, 
additional  teaching  is  conducted  by  the  same  teachers,  because  they  are  familiar 
with  the  problems  a student  had  during  the  regular  teaching.  However,  the  results 
are  not  so  impressive,  and  the  reasons  are  numerous,  primarily  psycho-physical 
in  nature.  Namely,  additional  teaching  demands  extraordinary  engagement  both 
teachers  and  students’,  manifested  through  demand  to  acquire  a great  deal  of  know- 
ledge in  a short  period  of  time.  I order  to  achieve  this,  modern  teaching  methods 
must  be  applied,  as  well  as  qualitative  didactic  - methodical  teaching  forming. 

Repeating  a year  at  school  is  the  last  thing  to  be  done,  but  suggested  when 
all  other  measures  yield  negative  results.  These  final  measures  are  applied  in  those 
cases  when  going  to  the  same  grade,  student  gets  the  opportunity  to  acquire  mathe- 
matical knowledge  necessary  for  the  future  advancement.  Suggesting  the  repeating 
a year  in  school,  no  matter  how  unpopular,  proved  effective  for  generations  of 
students.  On  the  other  hand,  repeating  a year  has  many  positive  effects,  especially 
those  regarding  students’  habits  and  skills.  “Theoretical  base  of  repeating  a year,  as 
a measure,  way  and  method  for  eliminating  the  failure  in  math  teaching,  in  primary 
and  secondary  school,  is  a fact  that  students  must  have  some  kind  of  knowledge 
in  the  area  of  mathematics  to  be  able  to  become  an  active  participant  in  the  math 
teaching  process  in  the  next  year  at  school  they  attending”  (Markovac,  1978:98). 

Repeating  a year  at  schools  is  suggested  only  as  a pedagogical  measure  for 
those  students  that  fall  behind  in  regard  to  their  psychophysical  development,  ill- 
ness, or  other  reasons  for  class-long  absence,  and  all  that  result  in  inability  to 
participate  in  math  teaching  process. 

Prior  researches,  based  on  the  students  that  repeated  a year  at  school,  have 
shown  that  repeating  a year  at  school  does  not  yield  expected  results,  students  fail 
to  fdl  out  the  gaps  in  math  skills,  and  do  not  increase  their  intellect  significantly. 
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Abstract.  The  paper  points  out  the  implications  of  teachers’  atti- 
tude toward  mathematics  on  the  quality  of  their  teaching  and  pupils’ 
results.  We  wanted  to  Investigate  what  attitudes  towards  mathematics 
have  primary  school  teachers  to  make  the  results  might  try  to  discover 
some  of  the  causes  are  often  unsatisfactory  results  of  students  In  math- 
ematics. The  attitudes  of  teachers  to  mathematics,  we  examined  the 
anonymous  survey  on  a sample  of  four  hunderd  teachers  from  various 
parts  of  the  Croatian  and  Bosnia  and  Herzegovina.  The  results  showed 
that  despite  the  positive  attitudes  of  the  teachers  explicitly  declare, 
in  their  work  they  have  many  prejudices,  as  to  mathematics,  and 
toward  pupils.  Raising  awareness  of  this  problem  can  eventually  affect 
their  changing,  and  thus  indirectly  raise  the  quality  of  mathematical 
education  in  the  classroom  period. 

Keywords:  teacher,  math  teaching 
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Abstract.  This  work  deals  with  the  role  of  teachers,  curricula  and 
textbooks  in  geometry  education.  The  mathematics  education  is  the 
meeting  point  of  two  different  “types  of  mathematics”  - mathematics 
as  a scientific  discipline,  and  the  everyday  mathematics  that  is  familiar 
to  pupils.  Therefore  the  role  of  a teacher  as  the  expert  and  mediator 
between  these  two  cultures  is  particularly  important.  The  subject 
of  geometry  is  especially  interesting  for  such  analysis,  because  the 
geometry  tasks  include  practical  as  well  as  abstract  ideas. 

It  is  thus  necessary  to  pose  a question  how  the  abstract  contents  are 
connected  with  practical  problems  in  geometry  classes.  The  analysis 
of  mathematics  textbooks  can  partly  answer  this  question.  This  article 
presents  the  research  results  of  the  geometrical  contents  in  mathematics 
textbooks  in  grades  6 to  8 of  the  compulsory  education  in  Croatia. 

The  results  show  the  domination  of  tasks  with  operational  re- 
quirements, and  the  lack  of  tasks  with  argumentation  and  reflection 
requirements.  The  problem  of  connecting  everyday  mathematics  with 
school  mathematics  is  emphasized  by  the  lack  of  tasks  with  realistic  and 
authentic  context.  Therefore  the  article  discusses  the  role  of  textbook, 
teacher  and  curriculum  in  the  intercultural  perspective  of  geometry 
education. 

Keywords:  Analysis,  geometry  education,  teacher,  textbook,  in- 
tercultural perspective 


Introduction 

Many  research  results  showed  that  the  textbook  has  a central  role  in  mathe- 
matics education  (Pepin  and  Haggarty,  2001).  The  textbooks  are  used  in  Croatian 
mathematics  education  to  a huge  extent  as  well  (Glasnovic  Gracin  and  Domovic, 
2009) . Mathematics  teachers  surveyed  in  this  research  stated  that  they  mostly  use 
textbooks  for  instruction  preparations,  while  their  students  mostly  use  textbooks 
for  exercising  and  for  homework.  A teacher  has  the  role  of  a mediator  between 
the  textbook  and  students.  These  results  refer  to  mathematics  education  in  higher 
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compulsory  education  in  general,  so  we  can  apply  it  to  the  geometry  education  as 
well. 

Teaching  geometry  has  always  been  a part  of  mathematics  education.  The 
oldest  known  mathematical  papyruses  contain  geometrical  problems  which  arose 
from  everyday  needs.  Actually,  the  name  “geometry”  reveals  the  ancient  need  for 
ground  measuring,  i.e.  appliance  of  mathematics  in  everyday  life.  On  the  other 
hand,  mathematics  in  Ancient  Greece  established  another  insight  to  geometry  - 
abstract,  deductive  and  philosophical  approach  to  the  geometry,  which  was  far 
from  just  appliance  of  everyday  situations  (for  example.  The  Euclid’s  Elements). 
The  Euclid’s  Elements  were  the  main  source  for  teaching  geometry  in  Europe  in 
medieval  period,  but  also  later  in  some  European  schools  (Dadic,  1982;  Jembrih, 
2008). 

Therefore  one  can  notice  two-sided  approach  to  geometry  in  the  education  - 
geometry  that  arises  from  everyday  needs,  and  geometry  as  an  abstract  discipline. 
These  both  aspects  should  be  present  in  geometry  education.  Eurthermore,  they 
should  be  well  connected  to  each  other.  Mathematics  teacher  and  textbook  play 
an  important  role  in  the  process  of  connecting  these  two  aspects  of  geometry  ed- 
ucation. The  idea  of  connecting  these  “two  geometries”  refers  to  a concept  of 
intercultural  perspective  of  mathematics  education  (Prediger,  2004). 


Intercultural  aspect  of  mathematics  education 

The  intercultural  aspect  of  teaching  mathematics  refers  to  the  relationship 
between  mathematics  as  a scientific  discipline,  about  mathematics  education  and 
about  mathematics  in  everyday  culture.  Susanne  Prediger  in  her  book  (2004)  finds 
mathematics  education  as  an  intercultural  process  between  everyday  culture  and 
mathematics  as  a part  of  scientific  culture.  Connecting  these  two  aspects  of  math- 
ematics should  be  one  of  the  aims  of  mathematics  education.  It  can  be  achieved 
by  appliance  of  mathematics  in  everyday  problems.  Heymann’s  concept  of  “Math- 
ematik  als  Inventar  der  Eebenswelt”  (Heymann,  1996)  matches  this  idea.  Also, 
between  everyday  mathematics  and  mathematics  as  a formal  discipline  there  is 
another  separate  „culture“:  the  culture  of  mathematics  education  which  has  a long 
tradition  and  its  specific  characteristics,  language,  phrases  etc. 

Applying  mathematics  in  everyday  life  is  one  of  the  aims  of  all  school  cur- 
ricula. These  aims  are  mentioned  in  Croatian  curricula  as  well  (MZOS,  2006; 
2010). 

But  since  mathematics  culture  does  not  have  its  specific  geographic  place,  the 
role  of  teacher  and  textbook  is  very  important  in  connecting  everyday  mathematical 
knowledge  that  a student  brings  from  home,  and  the  knowledge  that  is  to  be  learned 
at  school.  This  concept  specifically  reflects  the  geometry  education.  Teacher  and 
textbook  strongly  affect  the  “contact  success”  of  everyday  and  mathematical  cul- 
ture. The  following  two  chapters  include  results  and  discussion  about  the  role  of 
textbook  and  teacher  in  geometry  education. 
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Textbook  in  geometry  education 

Croatian  Educational  Plan  and  Program  for  Mathematics  (MZOS,2006,  p.  238; 
MZOS,  2010)  points  out  the  importance  of  conceptualization  of  space  relationships 
and  objects  in  mathematics  education,  the  importance  of  applying  mathematics  in 
everyday  life,  as  well  as  using  modern  technologies  in  mathematics  education. 
Therefore  it  was  interesting  to  research  the  mathematics  textbooks  requirements  in 
Croatia.  ^ 

The  analysis  encompasses  all  examples  and  exercises  from  the  three  most  used 
textbooks  in  the  6*  grade  (school  year  2005/06),  in  the  7*  grade  (school  year 
2006/07)  and  the  8*  grade  (school  year  2007/08).  These  textbooks  were  used 
by  more  than  80%  of  pupil  population  in  every  mentioned  generation^.  Every 
example  and  exercise  was  analyzed  according  to  various  parameters.  The  main 
aim  was  to  find  out  which  competencies  are  required  from  Croatian  pupils  within 
each  particular  textbook  item:  Are  the  presentation,  computation,  interpretation 
or  argumentation  skills  required?  Also,  the  research  considered  the  complexity 
requirements:  Does  a particular  item  require  reproduction,  connection  or  reflec- 
tion knowledge?  The  reflection  competency  refers  to  deliberating  mathematical 
relationships  that  are  not  directly  visible  from  the  given  problem,  deliberating  the 
mathematical  models,  interpretations,  argumentations  and  reasoning  within  the 
given  situation.  The  base  for  this  instrument  is  taken  from  the  Austrian  educational 
standards  for  mathematics  (IDM,  2007).  Besides  that,  the  analysis  encompassed 
the  question  type  (open-constructed  or  close-constructed  question) . The  intercul- 
tural  dimension  was  researched  through  the  context  requirements:  is  the  context 
within  the  particular  task  intra-mathematical,  realistic  or  authentic.  The  realistic 
context  within  this  study  is  defined  as  a situation  that  imitates  the  real  life  situation. 
Authentic  situation  does  not  imitate,  it  is  actually  taken  from  the  authentic  data. 
Example  for  the  realistic  situation:  “Ivan  has  a computer  monitor  with  side  lengths 
33  cm  and  24  cm.  What  is  the  area  of  his  screen?”  Example  for  the  authentic 
situation:  “Measure  the  side  lengths  of  your  computer  monitor  or  TV.  Then  find  its 
screen  area.” 

The  geometry  education  from  the  6*  to  8'*^  grade  in  Croatia  encompasses  the 
following  topics:  triangle,  quadrilateral,  polygon,  circle,  congruency  and  similarity, 
isometric  mappings,  Pythagorean  Theorem,  space  and  geometric  solids  (MZOS, 
2006).  This  paper  presents  the  results  for  some  of  these  topics. 

The  analysis  results  of  the  topic  Triangle  in  the  6*  grade  show  the  significant 
difference  in  the  offered  items  amount  in  the  researched  textbooks  (Table  1).  The 
number  shown  in  the  brackets  of  the  first  table  row  refers  to  the  total  amount  of 
tasks  within  the  particular  topic.  The  percents  refer  to  the  portion  of  a particular 
activity  in  the  total.  The  first  four  table  rows  contain  presenting,  computation,  inter- 
pretation and  argumentation  activities.  Since  one  textbook  problem  could  require 
different  activities,  it  is  to  mention  that  the  sum  of  the  activity  portions  does  not 


* The  analysis  is  conducted  within  the  author’s  PhD  research  at  the  Institut  flir  Didaktik  der 
Mathematik,  Aplen-Adria  Universitat,  Klagnefurt. 

^ In  this  paper  the  textbooks  were  given  codes  A,  B and  C.  Readers  interested  in  original  are 
invited  to  contact  the  author. 
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necessarily  give  100%.  The  analysis  results  show  that  the  activities  of  computation 
and  operation  dominate  in  the  Triangle  topic  (Table  1).  Calculations  refer  to  find- 
ing triangle  circumference  and  area,  while  operating  mainly  refers  to  executing  the 
construction  steps.  The  argumentation,  reflection  and  open  answer  requirements 
are  not  required  at  all  (or  are  barely  required)  in  the  analyzed  textbooks  within  the 
triangle  topics. 


Triangle 

A6  (568) 

B6  (677) 

C6  (837) 

Presentation,  modeling  activities 

38% 

30% 

46% 

Calculation,  operation  activities 

59% 

68% 

58% 

Interpretation  activities 

29% 

41% 

37% 

Argumentation  activities 

0% 

3% 

5% 

Direct  rule  application,  reproduction  knowledge 

49% 

50% 

48% 

Connection  knowledge 

50% 

49% 

52% 

Reflection 

1% 

1% 

0% 

Closed  answers  required 

98% 

97% 

96% 

Intra-mathematical  context 

98% 

97% 

99% 

Realistic  context 

2% 

3% 

1% 

Authentic  context 

0% 

0% 

0% 

Table  1.  Requirements  of  the  Triangle  topic  (6*  grade). 

The  results  also  indicate  the  domination  of  intra-mathematical  items,  i.e.  the 
domination  of  symbolic  items  that  are  not  put  to  a context.  Similar  results  are 
obtained  for  the  topics  Quadrilaterals  and  Polygons.  The  lack  of  reflection  and  ar- 
gumentation requirements  can  be  also  noticed  in  the  topic  Circle  (Table  2) , as  well 
as  the  domination  of  closed  constructed  answers  with  intra-mathematical  context. 
Computation  and  operation  skills  are  emphasized  comparing  them  to  presenting 
(construction)  and  interpretation  skills.  This  result  can  be  connected  to  the  require- 
ments of  topics  Circle  Circumference  and  Area  where  dominate  computation  tasks. 
Direct  applying  formulas  can  be  also  connected  to  the  domination  of  reproduction 
requirements,  especially  in  the  textbooks  A7  and  C7  (Table  2). 


Circle 

A7  (753) 

B7  (306) 

C7  (381) 

Presentation,  modeling  activities 

25% 

27% 

26% 

Calculation,  operation  activities 

62% 

71% 

59% 

Interpretation  activities 

22% 

10% 

28% 

Argumentation  activities 

0% 

5% 

3% 

Direct  rule  application,  reproduction  knowledge 

72% 

45% 

58% 

Connection  knowledge 

28% 

55% 

40% 

Reflection 

0% 

0% 

2% 

Closed  answers  required 

100% 

94% 

93% 

Intra-mathematical  context 

96% 

92% 

79% 

Realistic  context 

3% 

6% 

17% 

Authentic  context 

1% 

2% 

4% 

Table  2.  Requirements  of  the  Circle  topic  (7*  grade). 
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The  content  related  to  Pythagorean  Theorem  is  historically  related  to  needs  of 
everyday  mathematics.  On  the  other  hand,  it  also  successfully  connects  everyday 
mathematics  with  formal  side  of  mathematics  (through  the  logical  steps  of  the  proof 
of  Pythagorean  Theorem,  or  through  the  inverse  of  the  Pythagorean  Theorem  etc). 
The  Table  3 presents  textbook  requirements  in  the  Pythagorean  Theorem  topics.  All 
three  analyzed  textbooks  emphasize  the  domination  of  computation  requirements. 
Presenting  and  interpretation  are  required  to  a small  extent,  while  argumentation, 
reflection  and  open  answer  types  are  not  required  at  all.  On  the  other  hand,  all 
analyzed  textbooks  emphasize  tasks  with  connection  knowledge  requirements.  It 
is  interesting  to  notice  that  the  emphasis  is  not  put  on  the  context  tasks,  in  spite  of 
the  potentials  of  using  Pythagorean  Theorem  in  the  everyday  situations. 


Pythagorean  theorem 

A8  (797) 

B8  (474) 

C8  (723) 

Presentation,  modeling  activities 

8% 

8% 

7% 

Calculation,  operation  activities 

92% 

89% 

95% 

Interpretation  activities 

13% 

13% 

13% 

Argumentation  activities 

0% 

4% 

2% 

Direct  rule  application,  reproduction  knowledge 

41% 

45% 

37% 

Connection  knowledge 

59% 

55% 

63% 

Reflection 

0% 

0% 

0% 

Closed  answers  required 

100% 

96% 

98% 

Intra-mathematical  context 

91% 

89% 

98% 

Realistic  context 

9% 

8% 

2% 

Authentic  context 

0% 

3% 

0% 

Table  3.  Requirements  of  the  Pythagorean  Theorem  topic  (8*  grade). 


Stereometry  education  has  always  been  part  of  geometry  education.  In  the  be- 
ginning of  the  first  grade  Croatian  pupils  learn  to  recognize  basic  geometric  solids, 
in  the  3'''^  grade  they  learn  measuring  volumes,  and  in  the  fourth  grade  the  basic 
elements  of  cube  and  cuboid  (MZOS,  2006).  After  that  the  space  geometry  comes 
not  before  than  the  end  of  the  8*  grade  (with  topics:  relationships  in  the  space, 
geometric  solids,  formulas  for  volumes  and  surface  areas). 

The  Table  4 presents  the  textbook  requirements  from  the  topic  Geometric 
solids  in  the  S'*’  grade.  The  results  show  the  domination  of  computation  require- 
ments and  closed-answer  types  with  intra-mathematical  context.  About  one  third 
of  each  textbook  items  required  interpretation  activities  as  well.  Interpretation  here 
mainly  refers  to  sketch  interpretations  in  order  to  solve  the  problem  (for  example, 
searching  the  relevant  right-angled  triangle  in  the  pyramid  figure).  Therefore  the 
geometric  solids  items  put  emphasis  on  the  connections  knowledge. 

The  textbook  problems  with  volume  or  surface  area  requirements  are  pretty 
suitable  for  composing  problems  from  everyday  life  (realistic  or  authentic).  But 
however,  the  results  show  that  such  tasks  are  mainly  intra-mathematical  (Table  4). 
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Geometric  solids 

A8  (1048) 

B8  (913) 

C8  (726) 

Presentation,  modeling  activities 

4% 

4% 

3% 

Calculation,  operation  activities 

86% 

84% 

92% 

Interpretation  activities 

32% 

30% 

33% 

Argumentation  activities 

0% 

0% 

1% 

Direct  rule  application,  reproduction  knowledge 

59% 

59% 

34% 

Connection  knowledge 

41% 

39% 

65% 

Reflection 

0% 

2% 

1% 

Closed  answers  required 

100% 

96% 

97% 

Intra-mathematical  context 

89% 

75% 

94% 

Realistic  context 

8% 

19% 

5% 

Authentic  context 

3% 

6% 

1% 

Table  4.  Requirements  of  the  Geometric  solids  topic  (8*  grade). 

The  curriculum  and  textbook  analysis  shows  that  the  geometric  solids  are  rep- 
resented in  the  first  grade  on  the  recognizing  level,  and  after  that  in  the  8*  grade 
with  the  strong  emphasis  on  computations.  Such  an  approach  could  influence  the 
spatial  ability  competencies  at  the  Croatian  pupils.  For  example,  Cizmesija  and 
Milin  Sipus  (2009)  present  the  problem  with  spatial  ability  in  the  population  of 
students  of  mathematics  teacher  education  programmes. 

The  obtained  results  of  textbook  analysis  suggest  that  in  the  geometry  educa- 
tion dominate  computation  in  the  pure  mathematical  surrounding  without  context. 
Also,  the  results  show  the  lack  of  geometric  problems  with  argumentation  require- 
ments. Many  existing  tasks  could  be  extended  by  additional  open-answer  task  such 
as  “Explain  it”  etc.  It  is  important  to  mention  that  the  reflection  competencies, 
open  answer  types  or  argumentation  requirements  are  not  particularly  prescribed 
in  the  current  Educational  plan  and  program,  which  emphasizes  the  computation 
and  operation  requirements  (MZOS,  2006).  The  analysis  shows  that  the  textbook 
requirements  match  these  curricular  requirements. 

On  the  other  hand,  the  Educational  plan  emphasizes  the  application  of  geomet- 
rical contents  in  everyday  life,  but  the  analysis  shows  that  textbooks  mainly  offer 
intra-mathematical  tasks  with  no  context.  At  this  point  we  notice  the  discrepancy 
between  the  curricular  and  the  textbook  requirements. 


Teacher  in  geometry  education 

The  traditional  approach  given  in  the  Educational  plan  and  in  textbooks  affects 
the  teachers’  practice,  attitudes  and  beliefs.  In  the  research  of  Glasnovic  Gracin 
and  Domovic  (2009)  the  surveyed  mathematics  teachers  declared  that  textbook 
contents  directly  influence  their  instruction  in  the  classroom.  The  research  of  Bara- 
novic  and  Stibric  (2009)  showed  that  surveyed  mathematics  teachers  in  Croatia 
“put  the  biggest  emphasis  on  solving  mathematical  tasks  and  the  development  of 
logical  thinking,  while  the  application  of  mathematics  in  everyday  life  and  critical 
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thinking  about  mathematical  concepts  and  procedures  they  consider  less  impor- 
tant” (ibid,  p.  96).  This  finding  matches  the  deficit  of  intercultural  and  reflective 
requirements  in  mathematics  textbooks. 

We  can  conclude  that  the  teachers’  instructions  depend  on  curricular  and  text- 
book requirements,  but  it  is  always  to  remember  that  teachers’  personal  beliefs 
and  attitudes  are  very  important  for  instruction  as  well  (Leder,  2002).  Firstly  it  is 
important  to  consider  which  beliefs  mathematics  teachers  have  towards  mathemat- 
ics, because  the  teachers’  opinion  towards  mathematics  reflects  to  their  instruction 
in  mathematics  education  (Cross,  2009).  If  a teacher  considers  mathematics  as 
mainly  a set  of  procedures,  computations  and  operations,  his/her  instruction  in  the 
classroom  will  follow  these  beliefs.  It  is  also  well  known  that  these  attitudes  and 
beliefs  are  very  strong  and  change  slowly.  The  mathematics  education  reforms  will 
not  be  effective  unless  we  try  to  influence  changing  teachers’  beliefs.  It  is  a long 
process  with  the  beginning  already  in  the  university  programs  for  future  teachers. 

The  concrete  ideas  for  teachers’  contribution  to  geometry  education  in  the  in- 
tercultural and  reflective  manner  are:  implementing  more  authentic  problems  and 
projects,  as  well  as  encouraging  explanations  and  argumentations  about  geomet- 
rical concepts.  Also,  the  potentials  of  computers,  especially  dynamic  geometry 
software  could  be  used  for  discovery  learning  and  for  the  insight  and  understanding 
the  geometric  ideas  (Schneider,  2002).  Besides  that,  a teacher  who  knows  well 
his/her  class  can  contribute  to  interculturality  by  using  different  students’  potentials 
as  well  as  encouraging  ideas  instead  of  routines. 

Conclusion 

The  insight  into  the  Educational  plan  and  program  (2006)  shows  the  domi- 
nation of  requirements  for  computation  and  operation  within  the  geometrical  top- 
ics. These  requirements  match  the  requirements  from  the  analyzed  mathematics 
textbooks  in  the  6*,  7*  and  the  8*  grade.  These  results  also  correspond  with 
the  survey  results  on  traditional  character  of  mathematical  instruction  in  Croatia 
(Baranovic  and  Sribric,  2009).  On  the  other  hand,  the  Educational  plan  and  pro- 
gram clearly  emphasizes  appliance  of  mathematics  in  everyday  life.  However,  the 
textbook  analysis  shows  the  significant  lack  of  context  items.  Therefore  one  can 
conclude  that  there  is  a discrepancy  between  curricular  and  textbook  requirements 
in  the  intercultural  domain. 

The  obtained  results  suggest  stronger  connecting  of  everyday  situations  with 
abstract  geometrical  contents,  encouraging  argumentations  and  explaining,  reflec- 
tive knowledge,  and  understanding  geometrical  concepts.  The  new  curricular  docu- 
ment (MZOS,  2010)  brings  significant  steps  forward  concerning  these  suggestions. 
Besides  the  curricular  level,  the  intercultural  dimension  should  be  encouraged  at 
other  levels  as  well,  for  example  within  university  programs  for  future  mathematics 
teachers,  in  instruction,  and  in  the  field  of  textbook  development. 
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Abstract.  The  focus  of  this  research  is  the  influence  of  mathemat- 
ics on  the  development  of  a well-educated  and  desirable  individual.  A 
research  including  the  way  students  regard  these  characteristics  after 
completing  general  education  has  been  conducted.  Upon  inspection  of 
all  the  aspects  of  math  teaching  and  their  effect  on  the  formation  of 
desirable  personality  characteristics,  the  results  have  shown  that  math 
teaching  Is  in  fact  a perfect  way  to  influence  the  development  of  a 
well-educated  personality.  As  is  the  case  with  the  changes,  there  are  no 
recipes  here,  all  that  can  be  relied  upon  are  the  good  experiences  of  the 
teachers  who  are  the  ones  responsible  for  making  math  teaching  and 
influential  part  of  formation  of  a young  desirable  personality  for  the  2 U' 
century.  At  the  end  of  this  paper  there  are  some  recommendations  to 
help  teachers  make  mathematics  teaching  more  interesting  and  efficient 
in  the  mission  of  developing  the  characteristics  of  desirable  young 
Individual. 

Keywords:  a well-educated  young  individual,  math  teaching 
methodology,  a desirable  mathematics  teacher. 


Introduction 

During  great  changes  in  curricula,  not  only  in  Bosnia  and  Herzegovina,  but 
also  in  the  world,  when  new  standards  are  being  set  and  decades  old  programs  be- 
ing altered,  it  requires  a great  deal  of  thinking  about  the  way  math  teaching  should 
be  conducted  in  our  time.  Research  and  studies  all  over  the  world  in  the  area  of 
math  teaching  methodology  brought  to  light  important  conclusions  regarding  this 
matter.  These  conclusion  have  the  effect  on  curricula  in  the  countries  where  these 
experts  work.  In  this  regard,  the  members  of  the  European  Union  came  to  a mutual 
image  about  what  kind  of  person  they  perceive,  educated  and  desirable  for  the  21''^ 
century.  It  has  been  concluded  that  the  desirable  qualities  or  outcomes  after  general 
education  are  as  follows.  A well-educated  young  individual: 
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• an  independent  student  and  decision  maker, 

• has  good  report  with  his  peers  and  grown-ups, 

• is  literate  and  successful  in  communication, 

• easily  adjust  to  new  situations, 

• is  an  adventurer  and  willing  to  engage  to  new  experiences, 

• co-operates  as  a part  of  the  team, 

• has  a sense  of  responsibility  and  disciplines, 

• has  moral  and  spiritual  sensibility, 

• is  able  to  function  of  a team, 

• is  prepared  for  challenges  which  society  offers, 

• is  tolerant  and  overcomes  stereotypes, 

• has  a sense  of  prosperity  and  is  able  to  lead  a secure  and  fulfilling  life, 

• is  a student  who  takes  initiative,  who  is  also  able  to  claim  control  and 
responsibility  regarding  the  aspects  of  his/her  own  studying  process. 

These  demands,  or  better  yet,  desires,  are  inspired  by  the  changes  in  society 
we  live  in,  in  which  the  education  system  must  be  changed  as  well  - and  math 
teaching  is  no  exception.  Mathematics  has  long  been  considered  as  the  queen  of 
sciences.  However,  that  does  not  mean  that  is  not  subject  to  changes  which  perme- 
ate concepts,  as  well  as  approaches,  especially  those  regarding  methodology.  For 
a long  time  “math  teaching  methodology  in  different  countries  and  math  circles 
had  not  been  accepted  as  a scientific  discipline,  there  were  no  investments  in  re- 
searches in  this  area,  not  in  many  places  were  there  postgraduate  scientific  studies 
in  math  teaching  methodology  which  would  give  birth  to  experts  and  guarantee 
the  appropriate  teaching  quantity  and  quality  plans  throughout  the  entire  educa- 
tion vertical  structure”  (Glasanovic  Gracin,  2010).  This  is  where  things  must  be 
changes  because  the  modern  trends  point  out  that  math  teaching  should  be  described 
as  student-oriented,  meaning  the  dominant  part  of  the  teacher  should  be  in  the  back- 
ground, and  the  student’s  activity  in  mathematics  class  should  be  increased  through 
different  types  of  work  (pair  work,  group  work,  work  on  projects,  studying  through 
research,  etc.).  By  applying  this,  a teaches  is  no  longer  in  the  position  of  the  main 
conductor  of  knowledge,  but  becomes  a coordinator,  and  organizer  of  the  teaching 
process,  or,  in  the  words  of  Delors  (1998)  he/she  “leads  the  process,  an  does  not 
form  it”  (Delors,  1998 : 1 62) . It  must  be  understood  that  the  educational  services  are 
the  most  subtle  and  most  important  in  the  world  of  services.  It  is  necessary  to  rid 
oneself  of  stereotypes  about  the  relationship  between  teacher  and  student.  Kotler 
(1991)  claims  that  “we  [teachers]  do  not  offer  satisfaction  to  the  buyer  [student]  by 
serving  them,  rather  they  make  us  satisfied  by  giving  us  the  opportunity  to  serve 
them”  (Kotler,  1991:23).  Those  who  work  in  teaching  profession  should  be  clear 
about  their  mission  which  has  not  changed  in  centuries  to  bring  up,  to  educate,  and 
to  strengthen  the  students  - the  future  carriers  of  social  developments. 

This  research  has  given  a review  regarding  above  mentioned  demands  which 
embellish  a well-educated  individual  as  well  as  the  role  and  ability  of  math  for 
the  achievement  of  those.  Likewise,  there  is  an  over-view  of  research  among  first 
year  students  of  the  University  of  Tuzla.  Their  level  of  satisfaction  regarding  the 
achievement  of  afore  mentioned  outcomes  upon  completion  their  high  school  edu- 
cation. Based  on  personal  knowledge  and  experiences  of  probationers,  as  well  as 
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contemplations  of  different  theoreticians,  it  was  possible  to  extract  certain  recom- 
mendations guidelines  for  teachers,  which  include  the  improvement  of  the  role  of 
the  math  teaching  methodology  in  the  formation  of  a desirable  individual  for  the 
21'*^  century. 


Paradigm  and  methodology  of  researches 

The  aim  of  research  in  this  paper  is  to  identify  the  present  state  of  efficiency  of 
general  education  in  connection  to  reaching  general,  desirable,  educational  goals, 
as  are  defined  in  the  countries  of  the  EU,  and  create  a connection  between  them  and 
the  application  of  different  methods  and  forms  of  work  in  mathematics  teaching. 

The  proposition  of  this  research  in  this  paper  is:  establishing  the  students’ 
level  of  satisfaction  with  their  general  knowledge  from  the  aspect  of  acquiring  the 
characteristics  of  a well-educated  individual,  and  to  comprehend,  based  on  this 
research,  and  theoretical  contemplations  of  different  authors,  the  possibilities  of 
math  teaching  in  reaching  those  objectives  - creating  desirable  characteristics  of  a 
well-educated  individual. 

According  to  this,  a following  hypothesis  is  set:  “Upon  completion  of  gen- 
eral education,  good  results  are  achieved,  to  a satisfactory  level,  in  forming  the 
competences  of  desirable  personalities. 

Math  teaching  should  bring  a great  contribution  to  this  procedure.  As  fol- 
lows, based  on  theoretical  and  practical  experiences  of  researchers  and  students, 
recommendations  will  be  provided  for  a more  efficient  role  of  math  teaching  in  the 
formation  of  competences  of  a well-educated  personality  in  high  school  education. 

It  was  necessary  to  determine  “student  test  group”  which  would  guarantee, 
based  on  their  points  of  view,  the  existence  of  the  very  same  points  of  view  and 
opinion  in  all  students,  after  they  have  graduated  from  high  school,  “as  a basic 
group  or  population”  (Muzic,  1979:534). 

The  test  group  of  participants  in  this  research  was  selected  purposefully  (pur- 
poseful sample)  since  only  first  year  students  of  in  schools  for  teachers,  292  of 
them,  were  taken  into  consideration  because  they  have  a more  sensitive  relation 
toward  teaching  and  its  objectives.  To  sum  up,  such  test  group  was  selected  be- 
cause it  is  expected  to  “learn  the  most  from  them”,  that  is,  gain  the  most  useful 
information  (Merriam,  1988:61). 

In  this  research,  a survey  was  conducted,  something  that  Muzic  (1999:82) 
equalizes  with  “the  process  of  simultaneous  written  data  acquisition  from  a greater 
number  of  people  (test  subjects)  about  something  they  know,  feel  or  think)”.  Con- 
sidering the  fact  that  it  is  not  functional  and  very  expensive  to  acquire  answers  from 
the  entire  basic  sample  group  (all  freshman  students)  it  was  decide  to  conduct  a 
survey  in  order  to  reach  the  answers  to  posed  questions  from  the  selected  sample, 
as  a subgroup  of  the  basic  sample,  “ in  order  to  determine  a particular  distribution 
of  behavior,  thought,  and  principles  in  the  basic  sample)”  (Ristic,  Z.  2006:350). 

The  survey  was  conducted  using  survey  questioners  of  twelve  questions  with 
the  Likert  scale  and  one  open  question,  and  or  better  yet,  possibility  for  students  to 
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say  whatever  they  want  regarding  the  subject  in  question.  So,  the  questioner  covers 
eleven  “wishes”  from  the  list  of  demands  needed  for  “a  well-educated  person”. 

The  limitations  in  the  research  exist  in  connection  to  generalization.  The  test 
group  in  the  conducted  research  was  chosen  spontaneously.  As  such,  it  cannot 
guarantee  the  possibility  of  generalization  (including  wider  population),  that  is,  the 
parameters  of  Bosnia  and  Herzegovina.  However,  that  was  not  even  the  intention  of 
the  researches,  since  the  Bosnia  and  Herzegovina  parameters  are  treated  in  variety 
of  intensities,  in  the  implementation  of  educational  reforms,  from  the  segment  of 
curricula,  up  to  securing  quality  and  professional  and  vocational  development  and 
strengthening  of  teachers  as  well  as  the  management  in  schools. 


The  rusults  of  the  research 

Data  acquisition  was  performed  through  questioners.  The  results  for  every 
question  from  the  survey  are  represented  through  graphs,  where  Microsoft  Win- 
dows Interface  was  applied.  Based  on  this  and  the  answers  to  the  open  twelfth 
question,  as  well  as  through  experiences  of  different  authors,  the  results  yielded 
suggestions  to  improve  the  role  of  mathematics  teaching  in  creation  of  personality 
competencies,  a personality  which  is,  according  to  the  opinion  of  experts  in  the  EU 
countries,  “a  well-educated  personality”. 

Mathematics  and  the  independent  student-  decision  maker 


1.  Independent  student  and  decision 
maker 
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Graphs  1.  Answers  to  questions  one  and  two. 

The  research  has  shown  that  first  year  college  students,  not  so  long  ago  high 
school  students,  75%  of  them  believe  that  they  have  achieved  independence  and 
capability,  or  great  capability  to  make  a decision  on  their  own,  after  the  completion 
of  high  school.  Twenty-five  per  cent  of  them  believe  that  they  have  not  acquired 
that  competence  sufficiently,  or  almost  not  at  all.  They  think  that  “nevertheless, 
even  after  finishing  high  school  certain  decision  cannot  be  made  by  oneself,  advise 
form  elders  is  needed”  (from  the  questioner)  because  “after  finishing  high  school 
nobody  is  that  much  capable  of  starting  living  on  their  own,  or  taking  care  and 
responsibilities  for  themselves.  Assistance  of  parents  is  inevitable  in  all  segments, 
even  though  we  are  much  more  reliable  and  take  life  more  seriously”  (from  the 
questioner). 

Solving  problems  from  different  areas  of  math  is  filled  with  opportunities  for 
individual  work  and  decision-making.  Traditional  math  teaching  mostly  relied  on 
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the  teacher,  as  a lecturer,  and  students  who  individually  solve  tasks  afterwards. 
In  other  words,  the  student  have  the  passive  role  while  acquiring  new  knowledge. 
Strengthening  students  in  individual  work  and  research,  problem  solving,  choosing 
studying  methods  and  presentation  of  accomplishments,  leads  to  the  creation  of 
feeling  of  security  and  ability  of  individual,  independent,  and  argument  presenta- 
tions in  the  student,  which  is  in  the  end  needed  for  making  real  life  viable  decisions, 
which  would  be  accepted  by  all  those  concerned. 

Mathematics  and  peer  relations,  readiness  for  team  work 

Traditional  math  teaching  was  mostly  based  on  the  introduction  and  the  main 
part,  where  the  teacher  dominates,  with  co-operation  from  the  same  students  all  the 
time,  who  fdl  the  empty  space,  and  the  conclusion  of  the  class,  which  consisted 
of  short  revision  of  subject  matter  and  giving  homework,  sometimes  pointing  out 
materials.  To  put  it  simply,  group  work  was  conducted  only  in  the  occasions  of 
practice  teaching  classes  or  visits  by  the  principle  or  councilors  from  pedagogical 
institutions.  Certain  studies  have  shown  that  it  is  much  more  efficient  to  learn  peer- 
peer  learning,  through  group  work.  Of  course,  apart  from  individual  and  group 
work,  as  well  as  pair  work,  the  frontal  approach  has  its  place  in  teaching,  depending 
on  the  subject  matter  and  special  aims  of  teaching  units.  However,  if  individual 
development  has  an  effect  on  the  development  of  independence  in  students,  as 
well  as,  sensibility  regarding  right  and  rational,  but  also  routine  decision  making 
(Agic  et  al.  2006)  then  group  work  is  “responsible”  for  the  development  of  sense 
of  team  work,  but  not  just  any  kind,  this  is  efficient  team  work,  and  for  success- 
ful communication  and  good  report  with  peers  as  well  as  adults.  Group  work  is 
especially  important,  for  subject  matter  revision  (homogenous  groups),  but  also 
for  teaching  classes  (heterogeneous  groups).  As  it  true  that  every  specialist  doctor 
is  a doctor,  and  that  not  every  doctor  is  a specialist,  such  is  the  case  for  groups 
and  teams.  Every  team  is  a group,  but  every  group  is  not  a team  (Belbin,  1996). 
Employing  group  work  frequently,  with  a clear  objective,  skillful  enticement  by 
the  teacher,  will  surely  leads  to  development  the  above  mentioned  competences, 
very  much  useful  for  living.  Applying  group  work  is  not  efficient  if  the  goal  is  not 
transformation  into  team  work,  which  according  to  Belbin  (1996)  is  characterized 
by  a small  number  of  group  members,  joint  approach  to  the  task,  complementary 
knowledges  and  skills,  commitment  to  a mutual  purpose,  concrete  work  aims,  joint 
responsibility,  enthusiasm,  joint  creed  and  identity,  joint  experiences  and  mutual 
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Graphs  2.  Answers  to  questions  six  and  five. 
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amicability  of  the  members.  English  scientist  Belbin  (1996)  proved  that  teams 
comprised  of  the  best  experts  in  a certain  area  are  far  less  successful  than 
those  consisting  of  various  members.  This  is  something  that  should  be  taken  into 
account,  while  forming  groups  - students  should  never  been  divided  into  groups 
using  the  principle  “two  desks=one  group”  , but  using  the  criteria  that  a group 
comprises  different  types  of  students  from  the  aspect  of  their  concept  of  studying 
and  the  levels  of  their  abilities. 

The  research  has  shown  the  high  level  of  agreement  between  examinees  with 
the  claim  that  “primary  and  secondary  education  help  students  to  form  good  rela- 
tions with  peers  and  adults.”  even  eighty  per  cent  of  them  highly  and  very  highly 
agree  with  this  claim.  However,  every  fifth  student  does  not  believe  so.  It  was 
possible  to  notice  an  attitude  in  the  questioner:”W/ien  it  comes  to  me,  I can  say 
with  great  certainty  that,  upon  completing  high  school  I became  an  independent 
decision  maker  and  I have  developed  my  relations  with  peers,  as  well  as  people  of 
all  ages,  and  I have  manage  to  function”  (from  the  questioner) . The  information 
that  over  seventy-nine  per  cent  of  examinees  are  able  to  function  as  an  efficient 
team  member  can  be  deceptive,  because  the  question  remains  whether  students 
know  the  theory  about  the  teams  and  team  work  at  ah,  since  that  is  not  included 
in  the  curriculum  of  the  formal  education.  That  piece  of  information  indicates  a 
need  to  include  at  least  in  the  curricula  teaching  colleges  sum  content  regarding 
education  management,  more  precisely,  HUMAN  RESOURCE  MANAGEMENT, 
where  team  work  is  included  - it  is  very  much  necessary  to  pay  much  more  attention 
to  group  and  team  work.  Of  course,  support  should  be  provided  for  teachers  when 
it  comes  to  significance  and  application  of  teams,  in  order  for  them  to  be  able  to 
motivate  the  very  same  among  their  students  during  the  realization  of  usual  cur- 
riculum. Extra-curricular  activities  and  work  of  different  work  groups,  definitely 
offer  more  opportunities  for  team  work  organization.  It  should  be  kept  in  mind  that 
work  with  teams  begins  with  the  lowest  levels  of  education. 

Mathematics,  literacy  and  successful  communication 

Together  with  successful  communication  and  making  good,  rational  decisions, 
literacy  is  an  important  companion,  which  can  be  very  well  affirmed  in  mathemat- 
ics. We  should  part  ways  with  the  stereotypical  ways  of  thinking  and  old  definitions 
of  mathematical  literacy  which  stems  from  syntax  and  phonetics  as  opposed  to 
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Graphs  3.  Answers  to  questions  three  and  four. 
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mathematical  rhetoric  and  way  of  thinking,  argumentative  opinion  expressing,  dis- 
cussion about  various  possibilities  - without  and  it  that  is  the  way  we  do  it,  even 
in,  lower  grades  of  primary  schools,  discussing  solutions  of  equations  and  non- 
equations, but  discussing  through  the  system  “what  would  happen  if. . . ” etc.  The 
research  has  shown  that  students  are  greatly  satisfied  with  acquired  literacy  in  sec- 
ondary school.  Over  75%  believe  that  they  are  satisfied  or  very  satisfied  with  that 
acquired  skill.  Nevertheless,  the  fact  that  the  other  25%  is  not  sufficiently  (19%)  or 
not  at  all  (6%)  satisfied  with  acquired  literacy  upon  completing  secondary  school, 
cannot  be  ignored.  Communication  and  literacy  are  very  tightly  connected. 

One  of  the  examinees  says:  “1  am  successful  in  communication,  but  I don’t 
think  I’m  literate  enough”  (from  the  questioners).  When  it  comes  to  mathematical 
literacy,  it  is  quiet  clear  that  surpasses  the  meaning  of  the  linguistic  literacy,  and 
reaches  deeper  into  understanding  problems,  which  are  the  basis  for  a more  ef- 
fective contemplation,  bringing  conclusions,  and  finally  decision-  making.  OEDC 
describes  mathematical  literacy  as  “the  ability  of  an  individual  to  recognize  and 
understand  the  role  which  mathematics  hold  in  the  world,  to  make  well-founded 
decisions  and  to  apply  mathematics  in  ways  which  correspond  to  the  needs  of  life  of 
that  individual,  as  constructive,  intrigued  and  thinking  citizen”  (Brash  Roth  et  ah, 
2008:124).  An  interesting  information  was  acquired  during  research  and  is  related 
to  adjustability.  A great  majority  of  students  believe  that,  upon  completing  high 
school  education,  they  acquired  in  a great  or  good  enough  measure,  the  skill  of 
adjustability.  Even  25%  believe  that  they  are  able  to  adjust  very  well,  while  almost 
47%  of  students  are  satisfied  with  this  acquired  skill.  The  question  of  the  role  of 
math  in  that  process  remains.  It  is  certainly  not  negligible.  Again  we  return  to  the 
role  of  a teacher  who  diligently  applies  the  principles  of  suitability,  where  he  or  she 
knows  how  to  adjust  not  only  to  the  levels  of  development  of  students,  but  also  to 
their  momentary  psychological  state  and  specific  demands. 

Mathematics  and  readiness  for  adventure  and  exploring  the  new  experiences 

Math  teaching  is  the  perfect  tool  to  develop  the  sense  for  adventure,  and  wish 
to  explore  things  in  a child.  In  this  case,  a suitable  method  is  learning  by  revealing, 
which  refers  to  the  possibility  for  “students  to  individually,  through  experimenting, 
reach  new  knowledge,  ideas  and  solutions  to  problems”  (Glasanovic,  2010).  it 
should  be  clear  that  during  realization  of  classes  by  heuristic  methods,  scientifi- 
cality  and  classical  directionality  toward  definitions  and  evidence  is  neglected,  but 
that  does  not  mean  that  these  classes  are  not  systematically  organized  and  useful. 
On  the  contrary,  the  teacher  should  organize  such  a class  well,  while  being  familiar 
with  the  appropriate  methods  and  abilities  - their  own,  as  well  as  those  of  students 
(or  example,  while  using  computers). 

All  things  considered,  the  research  method  and  its  appropriate  application  may 
invoke  a sense  of  traveling  into  the  unknown,  via  system  “what  if. . . ” in  students. 
It  represents  a condition  for  creating  pre-requisitions  in  a young  human  being  for 
adventure,  i.e.,  dealing  with  the  unexpected  and  unknown.  The  research  has  shown 
that  students  are,  after  finishing  school,  in  a great  measure  ready  to  try  new  expe- 
riences (over  73%  of  them)  and  new  challenges  (76%)  which  can  be  seen  in  graph 
4.  “I  am  satisfied  with  my  accomplishments  so  far  and  I would  gladly  like  to  gain 
more  knowledge,  and  face  many  challenges,”  stated  one  of  the  examinees,  from  the 
questioner. 
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Graphs  4.  Answers  to  question  five  and  ten. 

Of  course,  the  role  of  the  teacher  crucial  here  as  well.  He/she  should  support 
and  encourage  students  in  their  creativity,  but  also  control  those  actions  which  may 
have  unfavorable  results,  because  of  which  students  should  not  experience  possible 
problems  due  to  their  attitudes  with  which  the  teacher  sometimes  does  not  agree. 
New  things  cannot  be  tested  if  the  students  are  required  to  use  only  well-oiled  forms 
and  cliches.  On  the  contrary,  we  must  provide  support  for  them  in  expressing  all 
their  attitudes  related  to  any  sort  of  problem,  and  teach  them  to  analyze  all  the 
possibilities  and  reach  favorable  results  through  the  method  of  elimination.  There 
will  be  no  creativity  and  adventure  seeking  in  students,  if  we  set  boundaries  and 
punish  incorrectly  stated  attitudes.  This  way  we  will  have  only  yay-sayers  and 
head-nodders  who  will  be  unable  to  contribute  to  themselves  and  community. 

Teachers  believe  that  for  successful  work  with  students  the  following  charac- 
teristics are  necessary: 

- they  should  be  sufficiently  knowledgeable  about  the  subject  they  teach, 

- they  are  able  to  connect  mathematics  to  other  subjects, 

- they  like  children, 

- they  are  familiar  with  developmental  problems  in  children, 

- they  have  more  knowledge  than  average  people,  they  are  versatile  and  witty, 

- they  have  a sense  of  humor, 

- they  have  strong  will  power, 

- they  develop  positive  interpersonal  relationships,  they  are  subtle  and  kind, 

- they  trust  their  students, 

- they  appreciate  unusual  ideas, 

- they  allow  and  encourage  self-initiative. 

From  these  characteristics  stems  the  conclusion  that  teachers  greatly  appre- 
ciate those  qualities  in  their  colleagues  which  are  compatible  with  the  demands 
given  at  the  beginning  of  this  paper.  Mostly  appreciated  by  the  teachers  are  the 
last  several  characteristics,  which  initiate  direction  toward  development  of  positive 
interpersonal  relations,  responsibility,  creativity  and  independence  in  students. 

The  very  same  research  also  refers  to  desirable  characteristics  of  teachers  from 
the  aspect  of  the  student: 

- sense  of  humor, 

- steadiness  and  sedateness. 
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- seriousness,  kindness  and  amiability, 

- civilized  behavior,  and  openness  and  adaptability, 

- watchfulness,  compassion  and  readiness  to  forgive, 

- affability,  modesty  and  even  temper, 

- perseverance,  hard  work  and  modesty, 

- making  presentations  interesting  and  humorous, 

- not  interrupting  students  when  they  respond  to  questions,  not  reading  from 
books  during  lecturing, 

- grading  justly,  frequently  tests  student’s  knowledge, 

- is  mild  in  grading,  gives  the  grade  publicly  and  allows  students  to  concen- 
trate. 

It  is  obvious  that  the  students  greatly  appreciate  qualities  which  promote  open- 
ness and  steadiness,  and  kindness,  which  greatly  inspires  development  of  respon- 
sibility and  respecting  people  in  general.  It  is  interesting  that  students  find  these 
qualities  more  important  in  teachers  than  their  directionality  toward  subject  matter 
continues  student  testing.  Taking  into  consideration  all  the  desirable  characteristics 
of  teachers  of  both  angles,  it  can  be  concluded  that  possessing  and  application  of 
most  of  them  guaranties  development  and  acquisition  of  desirable  qualities  of  the 
students,  young  men.  A functional  connection  between  points  of  these  two  groups 
of  characteristics  could  be  constracted.  However,  it  would  demand  a lot  more  time 
and  space.  It  can  be  easily  concluded  that  this  discussion  surpasses  the  boundaries 
of  this  paper  but  that  just  appears  to  be  so.  Alongside  with  the  researched  subject 
matter,  those  who  are  being  taught  and  those  who  teach  or  coordinate  the  process 
of  teaching  are  crucial.  In  any  case,  in  qualities  from  the  previous  subtitle  are 
tightly  connected  with  the  characteristics  and  manner  of  work  of  teachers,  as  well 
as,  their  style  of  guiding  students  in  the  teaching  process.  It  cannot  be  expected  that 
students  should  be  tolerant  if  they  do  not  feel  tolerance  from  their  teacher  and  so 
forth.  Also,  it  cannot  be  said  that  students  do  not  learn  anything,  when  it  contradicts 
the  very  definition  of  the  student,  which  has  the  verb  study  as  its  root.  Teachers  are 
there  to  find  the  new  strategies  of  learning,  which  will  successfully  produce  greater 
mobility  in  students. 


Conclusions  and  recommendations 

Taking  into  a count  this  research,  in  can  be  concluded  that  the  results  have 
shown  that  students  are  satisfied  or  very  satisfied  with  acquisition  of  almost  all 
traits  of  a well-educated  person.  This  satisfaction  is  highly  or  very  highly  ex- 
pressed within  the  range  between  70  — 86%  in  all  questions  asked.  Therefore,  it  is 
possible  to  establish  that  the  set  hypothesis  is  confirmed,  that  is  to  say,  that  “after 
completion  general  education,  in  a satisfactory  measure,  good  results  are  achieved 
in  the  formation  of  competences  of  a desirable  personality.” 

Some  would  be  satisfied  with  this,  however,  answers  to  the  open  question, 
including  free  comments  by  students,  point  to  the  caution.  A question  could  be 
posed  whether  some  other  researching  method,  such  as  interview  or  open  question 
survey,  would  yield  the  same  results.  That,  of  course,  may  remain  as  a doubt  and  a 
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subject  of  additional  research.  Nevertheless,  the  question  of  making  mathematics 
more  useful  in  the  process  of  reaching  above  set  demands  is  much  more  important. 

Having  that  in  mind,  recommendations  are  provided,  which  came  into  being 
as  the  fruit  of  examining  the  work  of  various  theoreticians  and  practitioners,  which 
can  therefore  be  useful  to  the  teachers  while  aiming  at  a more  efficient  achievement 
of  above  mentioned  requirements. 

Recommendations 

It  can  be  recommended  that  a math  teacher  does  not  have  to  be  an  engrained 
scientist  and  that  in  math  teaching  requires  scientific  methods  to  be  placed  up  font. 
So,  we  should  first  employ  heuristic  thinking,  presupposition  and  ideas  in  order 
to  build  and  prepare  the  grounds  for  generalization  or  even  for  deducing  tangible 
evidence.  Mare  pointing  to  expressing  claims  and  proving  them,  without  prior 
routing  it  in  the  culture  of  the  student,  has  no  justification  if  we  aim  at  making  them 
self-thinking  and  useful  members  of  the  community.  In  math  teaching,  students 
can  first  examine  the  new  subject  matter  from  all  aspects,  express  all  their  attitudes 
related  to  the  subject  matter,  and  then,  while  analyzing  all  those  aspects  can  they 
generalize  and  gradually  transcend  to  “more  stricf’  mathematical  level.  This  man- 
ner of  work  provides  the  students  with  the  possibility  to  work  in  their  own  pace 
and  also  yields  more  respect  for  differences  between  the  students  and  their  points 
of  view. 

Teaching  is  a living  process  which  can  not  be  completely  planned  and  chan- 
neled. Each  mathematical  problem  is  unique  and  has  its  beginning  and  end.  During 
the  process  of  solving  a problem  one  stumbles  upon  something  of  a revelation  and 
creation.  This  is  why  it  is  necessary  for  the  teacher  to  truly  develops  curiosity  in 
their  students,  willingness  for  individual  mental  activity  and  to  pint  out  the  ways  to 
new  revelations,  in  order  for  students  to  realize  that  “every  road  leads  to  Rome”.  A 
creative  math  teacher  in  creative  classes,  has  good  chances  to  develop  creative  char- 
acteristics in  their  students,  especially  the  sense  of  efficient  dealing  with  unknown 
things  and  challenges. 

Only  cowards  work  the  general  case.  Real  teachers  deal  with  examples  (Bruck- 
ler,  2006). 

It  is  widely  know  that  students  mostly  look  up  to  their  teachers,  from  being 
influenced  in  their  further  professional  direction,  or  by  mimicking  they  acquire 
some  of  their  characteristics.  So,  for  students,  mathematics  as  a science,  at  least 
in  a great  measure,  is  not  a motive  for  the  studying.  The  same  author  (Bruckler, 
2006)  claims  that  to  pronounce  theorem  and  then  go  forward  is  logical,  but  that  is 
not  teaching  because  it  does  not  contribute  to  understanding.  Incorrectness  is  not 
allowed,  but  simplifications  are.  That  is  to  say,  there  is  a greater  interest  in  applying 
inductive  teaching  (from  simple  problems  and  examples  towards  generalization) , 
then  in  deductive  approach  (stating  claims,  formulas,  and  then  applying  them)  be- 
cause the  inductive  approach  puts  the  student  and  his  or  her  activity  and  creativity 
up  front,  which  contributes  more  to  the  acquisition  of  desirable  qualities  and  skills 
of  students.  Basically,  it  is  important  to  gain  the  students’  interest  in  mathematics. 

Teachers  are  “the  greatest  culprits”  for  students’  interest  or  lack  of  it  in  math- 
ematics. They  are  the  ones  who  encourage  students  to  practice  math,  with  their 
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behaviour  they  can  treansfer  to  students  responsibility,  relation  toward  work,  re- 
spect, listening  to  others,  adjustability,  trying  new  things,  tolerance,  and  other 
very  important  traits  which  are  crucial  for  imprinting  the  development  of  human 
personality. 

This  is  why  a teacher  should  be  knowledgeable  of  various  methods  in  order  to 
create  interest  in  students  to  adopt  (not  learn  by  heart)  all  the  prescribed  subject 
matter  and  in  doing  so  acquire  an  appreciate  level  of  mathematics  knowledge  and 
skills.  To  put  it  short,  a desirable  teacher  should,  in  that  case,  be: 

• a successful  motivator, 

• somebody  whom  students  like, 

• somebody  who  is  trusted  and  not  feared, 

• a person  whose  intercession  for  the  students’  well-being  is  noticed, 

• somebody  who  does  not  threaten  students  with  the  negative  grades, 

• a teacher  who  does  not  consider  written  exams  as  the  only  criteria  for  grading 
their  knowledge, 

• somebody  who  transcends  upbringing  values  to  students, 

• a teacher  who  regularly  follows  the  new  trends  in  science  and  pedagogical 
practice, 

• a person  able  to  prepare  “grounds”  for  formation  of  new  concepts  and  ana- 
lyze them  with  the  students,  instead  of  dealing  strictly  with  definitions  and 
theorems. 

If  a teacher  constantly  employs,  same  teaching  strategies  and  the  student  is 
constantly  unsuccessful,  which  one  of  them,  in  fact,  a slow  learner? 

Eric  Jensen 

Apart  from  all  this,  textbooks  often  place  limitations  for  the  teacher  while  he 
or  she  is  applying  creative  approaches,  creativity  of  a math  teacher  is  often  at  a 
loss  because  of  excessive  reliance  on  the  way  how  mathematical  content  is  ana- 
lyzed in  textbooks  (Kurnik,  2008).  this  is  why  it  is  necessary  to  work  on  studying 
strategies  together  with  students  who  know  how  to  use  other  resources.  In  short, 
it  is  necessary  to  forget  the  stereotypes  about  traditional  teahing  and  performing 
an  analysis  class:  introduction,  revision  of  the  necessary  analyzed  subject  matter, 
the  main  part  including  analysis  of  unknown  content,  and  the  final  part  involving 
the  affirmation  of  analyzed  subject  matter  and  distributing  homework.  Instead, 
teachers  are  advised  to: 

• open  problem  situation  which  will  subtly  include  the  necessary  revision  of 
subject  matter  for  the  new  unit, 

• demonstrate  anecdotes,  illustrations  and  examples, 

• put  forward  motivational  tasks, 

• demonstrate  the  problem  with  an  obvious  example, 

• provide  an  interesting  information  from  history. 

A teacher  should  remember  their  own  time  as  a student.  They  should  treat 
other  people  as  they  would  like  to  be  treated,  or  more  precisely  to  treat  children  the 
way  they  would  like  others  to  treat  their  children  - students. 
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In  addition  above  mentioned  recommendations,  the  following  can  also  be 
useful: 

• teaching  as  such  should  be  applied  in  dosages  (the  student  is  not  “a  storage 
unit”  to  be  filled  with  knowledge) , 

• various  teaching  methods  should  be  used  in  a well  thought  out  way  of  be- 
haviour, action  with  the  goal  to  make  studying  easier  and  to  improve  the 
outcome  of  studying, 

• more  attention  should  be  paid  to  the  obvious  and  applicability  in  teaching, 

• it  should  be  known  that  a teaching  class  is  a creative  stage  of  a teaching 
process, 

• every  student  should  be  an  active  participant  in  a class, 

• it  is  very  efficient  to  study  in  cooperation  in  groups  or  pair  and  to  use 
projects  to  turn  groups  into  teams,  while  nurturing  acceptable  peer  to  peer 
correspondence;  to  state  opinion  using  the  power  of  arguments,  instead  of 
arguments  of  authority  and  power, 

• successful  can  be  described  as  “organized  chaos”, 

• students  show  greater  interest  in  studying  when  new  technologies  are  ap- 
plied, which  helps  to  achieve  elegance  in  solving  tasks,  where  students  are 
instmcted  to  notice  it  and  use  it, 

• students  should  be  encouraged  by  praise  and  treat  them  amicably, 

• we  should  not  allow  students  to  “mire”  with  negative  grade,  but  allow  them 
to  “improve”  their  knowledge  part  by  part. 

As  stated  before  team  work  is  very  significant  for  successful  work  and  good 
communication.  It  is  clear  is  that  every  group  is  not  a team,  especially  a successful 
one.  Successful  teams  are  characterized  by: 

• clear  and  transparently  defined  general  and  specific  aims, 

• a successful  leader, 

• individual  and  joint  responsibility, 

• respecting  differences, 

• open  communication, 

• efficient  decision  making, 

• mutual  trust, 

• constructive  conflict  solving  (Miljkovic  and  Rijevac,  2005), 

from  which  it  is  transparent  that  a properly  employed  team  work  in  math 
teaching  can  help  students  develop  very  desirable  characteristics  mentioned  at  the 
beginning  of  this  paper. 

Many  teachers  claim  that  their  students  do  not  take  interest  in  anything,  that 
they  are  restless,  etc.  That  may  be  only  partly  correct.  The  word  “student”  stems  the 
verb  “study”.  We  should  rather  question  our  curriculum  or  our  teaching  methods. 
In  such  cases,  the  teachers  are  recommended  to  employ  efficient  teaching  methods 
and  to  conduct  themselves  professionally.  Well-planned  teaching  activities,  which 
will  encourage  and  sustain  students  attention,  the  teacher’s  interest,  almost  elation 
(“relishing”)  about  the  work  they  are  doing,  as  well  as  teacher’s  sensibility  regard- 
ing mutual  respect  and  understanding  will  most  certainly  yield  particular  results  in 
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the  process  of  mobilizing  students  during  teaching,  because  the  teacher  who  loves 
what  he  teaches  transfers  enthusiasm  on  students  (Kovac,  2010). 
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The  presentation  is  based  on  the  findings  of  empirical  research  which  examined 
Croatian  teachers’  perceptions  of  mathematics  education.  The  research,  which  was 
carried  out  in  2010,  included  a representative  sample  of  625  math  teachers  (Grades 
5-8)  from  elementary  schools  throughout  Croatia.  The  administered  questionnaire 
consisted  of  closed  questions  set  mainly  on  5-grade  Likert  scales  and  a few  open 
questions. 

The  findings  indicate  that  the  traditional  approach  to  math  teaching  prevails 
in  most  of  its  dimensions  such  as  teachers’  understanding  of  the  concept  of  math- 
ematical competence,  teaching  methods,  teaching  materials  and  tools  as  well  as 
teachers’  mathematics-related  beliefs.  For  instance,  when  defining  the  mathemati- 
cal competence  of  students,  the  teachers  attribute  less  attention  to  students’  learning 
outcomes  which  are  characteristic  of  the  contemporary  concept  of  mathematical 
competence  (PISA)  in  comparison  to  the  traditional  one:  as  most  important  aspects 
of  mathematical  competence,  only  13%-18%of  teachers  ranked  students’  reason- 
ing about  mathematical  concepts  and  processes,  critical  thinking  and  exchange  of 
ideas  and  results,  whereas  32%  - 35%  of  teachers  emphasized  hard  and  thorough 
work  of  students  during  math  lessons,  students’  confidence  in  solving  standard 
mathematical  tasks  and  mastering  the  math  teaching  program. 

The  prevalence  of  traditional  characteristics  in  math  teaching  is  also  evident 
from  the  findings  on  the  teaching  methods  as  well  as  teaching  materials  and  tools 
used.  According  to  the  teachers’  estimates,  during  mathematics  lessons  students 
most  often  resolve  mathematical  tasks:  practice  mathematical  tasks  similar  to 
those  at  the  exams  (M  = 4.21,  SD  = .73),  resolve  mathematical  tasks  using  the 
procedures  demonstrated  by  teachers  (M  = 4.19,  SD  = .55),  resolve  standard 
mathematical  tasks  (M  = 4.08,  SD  = .67).  In  contrast  to  this,  students  most 
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rarely  do  autonomous  research  and  experiments  on  mathematical  concepts  and 
laws/regularities  (M  = 2.43,  SD  = .75),  explain  their  own  ideas  and  conclu- 
sions in  written  form  (M  = 2.46,  SD  = .81)  and  carry  out  their  own  projects 
(M  = 2.73,  SD  = .81).  Equally,  teachers  most  often  use  traditional  teaching 
materials  and  tools  (textbooks,  handbooks)  and  most  rarely  ICT. 

It  is  indicative  that  older  teachers  and  teachers  who  graduated  from  teacher 
colleges  tend  to  use  contemporary  teaching  methods  and  teaching  materials  more 
often  than  younger  teachers  who  hold  a university  degree  (especially  those  who 
are  at  the  age  of  29  and  younger).  An  exception  to  this  is  the  use  of  ICT  which 
is  used  significantly  more  often  by  younger  teachers.  These  differences  among 
teachers  could  be  explained  by  a difference  in  length  of  teaching  experience  and 
different  teacher  education  tracks:  whereas  older  teachers  have  longer  teaching 
experience  and  their  teacher  education  gave  them  broader  teaching  knowledge  and 
skills  since  they  attended  specialized  teacher  colleges  , the  younger  teachers  are 
less  experienced  and  their  teacher  education  took  place  at  institutions  (faculties) 
where  the  focus  was  subject  mastery. 
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Abstract.  The  previous  years  Croatia  has  lost  a number  of  dis- 
tinguished mathematicians  who  have  contributed  greatly  to  teaching 
mathematics.  These  contributions  can  be  roughly  divided  into  two 
crucially  different,  yet  inseparable  wholes. 

Two  leading  figures  in  mathematics  - prof.  dr.  Svetozar  Kurepa 
(1929.-2010.)  and  prof.  dr.  KresimirHorvatic  (1930.-2008.)  have  in 
this  area  (Osijek)  initiated,  organized  and  coordinated  the  implementa- 
tion and  realization  of  supplementary  studies  in  teaching  mathematics 
during  the  1970’s  and  1980’s  at  the  Department  of  Mathematics  of 
the  Faculty  of  Science  in  Zagreb.  The  supplementary  studies  gave 
the  opportunity  for  a hundred  participants  to  receive  the  diploma  for 
teaching  mathematics,  which  resulted  in  a far-reaching  incentive  for 
economic  and  scientific  growth  in  Slavonia,  Baranja  and  partially, 
Bosnia  and  Herzegovina. 

The  second  group  of  mathematicians  will  be  mostly  remembered 
for  the  brilliant  books  they  wrote,  their  journals  and  magazines, 
and  activities  done  in  order  to  popularize  mathematics,  as  well  as 
their  scientific  contribution  to  teaching  mathematics.  Those  are  the 
aforementioned  professor  Boris  Pavkovic  (1931.-2006.)  and  aca- 
demician Stanko  Bilinski  (1909.-  1998.),  as  well  as  Dominik  Palman 
(1924.-2006.),  Vladimir  Devide  (1925.-2010.)  and  Zdravko  Kurnik 
(1937.-2010.),  all  professors  at  the  Department  of  Mathematics  of  the 
Faculty  of  Science  in  Zagreb. 

The  Organizing  Committee  woukd  like  to  thank  our  distinguished 
mathematicians. 
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Predgovor 


U monografiji  Ucitelj  matematike  rabit  cemo  termin  ucitelj  za  osobu  koja 
poucava  matematiku,  a iz  konteksta  svakoga  clanka  razumjet  ce  se  govori  li  se  o 
ucitelju  u predskolskoj  ustanovi,  skoli  ili  o sveucilisnom  nastavniku. 

Autori  se  u svojim  radovima  kriticki  osvrcu  na  studijske  programe  prema 
kojima  se  obrazuju  ucitelji  matematike.  Analiziraju  se  rezultati  istrazivanja  o razi- 
nama  ishoda  ucenja  na  nastavnickim  fakultetima  s aspekta  studentskih  postignuca 
te  predlazu  rjesenja  i odgovori  na  aktualna  pitanja  iz  nastavne  prakse. 

Matematika  je  jedno  od  devet  akademskih  podrucja  zakoja  su  u prvoj  fazi  pro- 
jekta  Uskladivanje  obrazovnih  struktura  u Europi^  dogovoreni  zajednicki  okviri 
(stupnjevi/ciklusi,  ishodi  ucenja,  opce  i specificne  kompetencije,  metode  ucenja 
i poucavanja,  primjena  ECTS  sustava).  U Hrvatskoj  na  razini  vlade  jos  uvijek 
nije  postignut  konsenzus  u vezi  s Nacionalnim  okvirnim  kurikulom  za  podrucje 
matematike,  iako  je  struka  defmirala  ciljeve  (engl.  objectives),  ishode  ucenja 
(engl.  learning  outcomes)  i kompetencije  (engl.  competences)  ucenika/studenata 
na  kraju  svakoga  obrazovnoga  razdoblja.  Stoga  nailazimo  na  nedorecenosti  kada 
je  u pitanju  matematicka  izobrazba  ucitelja,  organizacija  nastave  matematike  kroz 
pojedine  obrazovne  cikluse  te  uciteljeva  cjelozivotna  izobrazba  i znanstveno  napre- 
dovanje. 

U prvom  poglavlju  monografije  pod  naslovom  Aov/ pristupi  u izobrazbi  ucitelja 
matematike,  autori  u svojim  istrazivanjima  odgovaraju  na  pitanje  zasto  je  ucitelj 
matematike  deficitarno  zanimanje.  Nadalje,  autori  u svojim  clancima  analiziraju 
zastupljenost  i polozaj  matematike  u programima  studija  kojima  se  osposobljavaju 
odgojitelji  i ucitelji  matematike  za  djecu  predskolske  dobi,  te  osnovnu  i srednje 
skole.  Ukazuje  se  na  neke  nedostatke  i propuste  u programima  uciteljskih  studija 
te  daju  prijedlozi  za  iznovljavanjem  istih.  Predlazu  se  sadrzaji  i originalni  postupci 
kojima  bi  se,  prema  misljenju  autora,  mogla  postici  kvalitetnija  izobrazba  ucitelja. 

U drugom  poglavlju  autori  izlazu  rezultate  svojih  istrazivanja  pro vedenih  medu 
studentima  uciteljskih  odnosno  nastavnickih  studija.  Istrazivanjima  su  se  ispitale 
razine  studentskih  postignuca  u nekim,  za  struku,  vaznim  vjestinama  i znanjima. 
Osobito  vaznima  drzimo  rezultate  ispitivanja  koja  su  provedena  s ciljem  boljeg 
upoznavanja  studentskih  strategija  rjesavanja  problema  te  njihovih  sposobnosti 
prostornoga  misljenja. 

U trecem  poglavlju  monografije  autori  svojim  clancima  nude  odgovore  na  pi- 
tanje Kako  prema  pozeljnim  ishodima  ucenja  matematike.  Neki  od  autora  u svojim 
promisljanjima  stavljaju  teziste  na  interaktivni  konstruktivisticki  pristup  ucenju  i 

* Tuning  educational  structures  in  Europe,  www.tuning.unideusto.org/tuningeu,  prva  faza 
od  2001.-2004. 
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poucavanju  te  progovaraju  o vaznom  pitanju  popularizacije  matematike.  Dmgi 
su  usmjereni  informacijskim  tehnologijama  te  istrazuju  kakav  je  odnos  studenata 
uciteljskih  studija  prema  koristenju  ICT  u nastavi,  promisljaju  o problemima,  kri- 
terijima  i metodama  odabira  on-line  materijala  za  nastavu  matematike.  Suvremeni 
uvjeti  ucenja  traze  osposobljenog  ucitelja  i ucenika/studenta  za  ucenje  na  daljinu 
i primjenu  inteligentnih  sustava  te  se  predlaze  u iznovljenim  programa  uciteljskih 
studija  pronaci  prostor  za  postizanjem  tih  kompetencija. 

U cetvrtom  poglavlju  nazvanom  Ucitelj  i ucenici  u nastavnoj  praksi,  autori 
u svojim  prilozima  progovaraju  o rezultatima  istrazivanja  i/ili  dobrim  primjerima 
strategy  a poucavanja  matematike  koji  su  rezultirali  pozeljnim  ishodima  ucenja 
djece  i ucenika.  Autori  izvjescuju  o tome  da  je  medu  roditeljima,  uciteljima  i u 
drustvu  opcenito  prepoznata  vaznost  ranoga  matematickoga  obrazovanja.  Takoder 
je  sve  vise  roditelja  djece  s teskocama  zainteresirano  za  ukljucivanjem  njihove 
djece  u redovitu  nastavu  na  sto  nas  obvezuje  nacionalna  strategy  a razvoja  Repub- 
like Hrvatske^.  Stoga  u predstojecem  iznovljavanju  programa  treba  planirati  razvoj 
kurikula  kojim  bi  se  studenti  uciteljskih  studija  osposobljavali  za  prepoznavanje, 
izobrazbu  i podrsku  ucenika  s teskocama. 

U petom  poglavlju  monografije  pod  naslovom  Sto  maze  promijeniti  ucitelj 
matematike  autori  u svojim  clancima  daju  pregled  uzroka  slabog  uspjeha  u nastavi 
matematike,  sagledavaju  uzroke  i posljedice  takvoga  stanja.  Komentiraju  neka 
opca  pitanja  o kojima  ovisi  prihvacanje  matematike  kao  neophodnog  znanstvenoga 
podrucja  od  strane  sire  drustvene  zajednice.  Istrazivanja  pokazuju  da  odnos  djeteta 
prema  matematici  znacajno  ovisi  o odnosu  njegovih  roditelja  i njegova  ucitelja 
prema  tom  predmetu.  Analiziraju  se  pitanja  vezana  za  udzbenike  te  komentira 
nastavnicka  perspektiva  u Hrvatskoj. 

Iz  clanaka  zakljucujemo  da  je  ucitelj  matematike  suocen  slicnim  problemima 
u Hrvatskoj  kao  i u zemljama  okruzenja.  Postojecim  sveucilisnim  programima  nije 
u dovoljnoj  mjeri  strucno  osposobljen.  Slabo  poznaje  skolsku  matematiku.  Zbog 
skromnih  materijalnih  uvjeta  na  fakultetu  i u skolama  nema  priliku  u dovoljnoj 
mjeri  ovladati  informacijskim  tehnologijama  i inteligentnim  sustavima  ucenja. 
Uglavnom  ostaje  nespreman  za  strucni  prihvat  ucenika  s posebnim  potrebama. 
Zazire  od  ozbiljnijih  problema  djece  i mladih  kao  sto  su  droga,  nasilje,  alkohol. 
Nedostatne  su  mu  kompetencije  za  suradnju  s roditeljima  i timski  rad. 

Vlade  deklarativno  propagiraju  protok  ljudi  i vaznost  strucnog  i znanstvenoga 
napredovanja.  Postoje pomaci  u uvodenju  reda  u obrazovne  sustave.  Vecina  ucitelja 
bez  pogovora  podrzava  sve  takve  prijedloge,  cak  i kada  su  proturjecni. 

Ostaje  nam  nadati  se  da  ce  akademska  zajednica  u Hrvatskoj,  ali  i u okruzenju 
iznaci  snage  i umjesnosti  za  donosenje  i provodenje  dobrih  i vaznih  odluka  u 
znanosti  i obrazovanju,  te  da  ce  u no  vim  okolnostima  uciteljeva  izobrazba  i 
cjelozivotno  napredovanje  bid  slobodnije  i domisljenije.  Ucenicima  i njihovim 
ucitelj ima/cama  nije  mjesto  na  marginama  drustva.  Ucitelj  ne  smije  bid  potplacen, 
jer  njegov  je  “krajnji  proizvod”  oduvijek  bio  i ostaje  - buducnost  drustva. 

Margita  Pavlekovic 

^ Nacionalna  strategija  izjednacavanja  mogucnosti  za  osobe  s invaliditetom  od  2007.  do  2015., 
Vlada  RH,  Zagreb,  2007. 
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Novi  pristupi  u izobrazbi  ucitelja  matematike 


U ovom  poglavlju  autori  u svojim  istrazivanjima  odgovaraju  na  pitanje  zasto 
je  ucitelj  matematike  deficitarno  zanimanje.  Analizira  se  zastupljenost  i polozaj 
matematike  u programima  studija  kojima  se  osposobljavaju  odgojitelji  i ucitelji 
matematike  za  djecu  predskolske  dobi,  kao  i nastavnici  za  osnovnu  i srednje  skole. 
Naime,  2005.  godine  vecina  studenata  prvi  puta  je  upisana  po  novoodobrenim 
tzv.  bolonjskim  programima.  Pet  godina  kasnije,  sredinom  2010.  godine  pri- 
padnici  te  iste  generaeije  polazu  diplomske  ispite  na  integriranim,  petogodisnjim 
sveucilisnim  uciteljskim  studijima  te  studijima  matematike  nastavnoga  smjera  i 
u Hrvatskoj  stjecu  akademski  naziv  magistar  primarnoga  obrazovanja  odnosno 
magistar  matematike.  Uocavaju  se  nedostatci  i propusti  u programima  uciteljskih 
studija.  Predlazu  se  novi  sadrzaji  i originalni  postupci  kojima  bi  se,  prema  misljenju 
autora,  mogla  postici  kvalitetnija  izobrazba  ucitelja. 


3.  medunarodni  znanstveni  skup 
MATEMATIKA  I DIJETE 


265 


Zasto  nedostaje  profesora  matematike? 
Stavovi  gimnazijalaca  o zanimanju 
profesor  matematike 


Sanja  Rukavina,  Dina  Kovacevic  i Milan  Bakic 

Odjel  za  matematiku,  Sveuciliste  u Rijeci,  Hrvatska 


Sazetak.  Nedostatak  je  profesora  matematike  na  svim  razinama 
obrazovanja  u Republic!  Hrvatskoj  problem  o kojemu  se  cesto  govori 
u matematickoj  javnosti.  lako  je  ovaj  nedostatak  evidentan  i siroj 
javnosti  kako  kroz  podatke  Hrvatskoga  zavoda  za  zaposljavanje,  tako  i 
kroz  ceste  natjecaje  na  kojima  se  traze  profesori  matematike  i stipendije 
za  deficitarna  zanimanja  na  lokalnoj  i drzavnoj  razini  koje  se,  izmedu 
ostaloga,  raspisuju  i za  zanimanje  profesor  matematike,  cinjenica  je  da 
svake  godine  ostaje  mjesta  na  onim  studijima  matematike  koji  obrazuju 
profesore  matematike. 

Kako  bismo  pokusali  odgovoriti  na  pitanje  zasto  nedostaje  profe- 
sora matematike,  proveli  smo  istrazivanje  o stavovima  gimnazijalaca 
prirodoslovno-matematickoga  i opcega  smjera  o zanimanju  profesor 
matematike.  Cilj  je  istrazivanja  ispitati  stavove  gimnazijalaca  o zan- 
imanju profesor  matematike,  faktore  koji  utjecu  na  doticni  stay  te 
u kojoj  su  mjeri  na  isti  utjecali,  odnosno  utjecu  njihovi  dosadasnji 
profesori  matematike.  Takoder,  cilj  je  i ispitati  informiranost  gimnazi- 
jalaca o medusobnom  odnosu  nekolicine  zanimanja,  medu  kojima  je  i 
profesor  matematike,  s obzirom  na  potraznju  na  trzistu  rada  i odnosu 
prosjecnih  placa  pojedinih  zanimanja,  kao  i stavove  o medusobnom 
odnosu  odabranih  zanimanja  po  kriteriju  njihove  atraktivnosti. 

Kljucne  rijeci:  profesor  matematike,  stavovi  gimnazijalaca 


Uvod 

Posljednjih  se  nekoliko  godina  uocava  nedostatak  profesora  matematike  na 
svim  razinama  obrazovanja.  U razdoblju  od  sijecnja  do  studenoga  2010.  godine 
Hrvatskom  je  zavodu  za  zaposljavanje  (HZZ)  prijavljeno  cak  400  slobodnih  radnih 
mjesta  za  ucitelje  matematike  i 553  slobodnih  radnih  mjesta  za  profesore  matem- 
atike. S druge  strane,  u Hrvatskoj  trenutno  postoje  cetiri  visokoskolske  ustanove 
na  kojima  se  obrazuju  ovi  kadrovi  i prema  podacima  o njihovim  upisnim  kvotama 
svake  hi  godine  moglo  diplomirati  250  novih  profesora  matematike.  Medutim,  taj  je 
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broj  nerijetko  i dvostruko  manji.  Nedostatak  strucnoga  kadra  rezultira  nestrucnim 
zamjenama  iz  matematike  koje  cesto  nisu  u stanju  na  kvalitetan  nacin  prenijeti 
potrebna  znanja  iz  matematike  ni  u ucenike  usaditi  interes  i ljubav  prema  matem- 
atiei,  koji  su  znacajni  cimbeniei  u odabiru  zanimanja  profesor  matematike.  Take 
dolazimo  do  zatvorenoga  kruga  iz  kojega  se  izlaz  ne  nazire. 

Kako  bismo  pokusali  odgovoriti  na  pitanje  zasto  nedostaje  profesora  matem- 
atike, proveli  smo  tijekom  studenog  2010.  godine  istrazivanje  o stavovima  gim- 
nazijalaca  prirodoslovno-matematickoga  i opcega  smjera  o zanimanju  profesor 
matematike.  Cilj  je  istrazivanja  bio  ispitati  faktore  koji  utjecu  na  doticni  stav  te  u 
kojoj  su  mjeri  na  isti  utjeeali,  odnosno  utjecu  njihovi  dosadasnji  profesori  matem- 
atike. Nadalje,  zbog  pretpostavke  da  stavovi  srednjoskolaca  o zanimanju  profesor 
matematike,  izmedu  ostaloga,  imaju  uporiste  i u saznanjima  o visini  primanja, 
zaposlivosti,  ejelokupnoj  situaeije  hrvatske  prosvjete  i slicno,  istrazivanjem  smo 
obuhvatili  i njihova  misljenja  o zaposlivosti  i visini  place  nekolicine  zanimanja, 
medu  kojima  je  i zanimanje  profesor  matematike. 


Metodologija  istrazivanja  i rezuitati 

Istrazivanje  je  provedeno  anketiranjem  ucenika  u cetiri  srednje  skole.  Anketi- 
rano  je  ukupno  412  ucenika  prirodoslovno-matematickoga  i opcega  gimnazijskog 
smjera.  U obradu  su  podataka  usli  odgovori  396  ispitanika.  Nisu  obradivani 
nepotpuno  ispunjeni  upitnici.  Uzorak  su  cinili  ucenici  svih  razreda  srednje  skole, 
dakle,  radi  se  o ispitanicima  cija  se  dob  krece  od  14  do  18  godina.  Istrazivanjem 
je  obuhvacen  91  ucenik  prvoga  razreda,  86  ucenika  drugoga  razreda,  83  ucenika 
trecega  razreda  i 136  ucenika  cetvrtoga  razreda.  Razlog  zasto  su  istrazivanjem 
obuhvaceni  ucenici  navedenih  gimnazijskih  smjerova  jest  ocekivanje  da  ce  upravo 
oni  ciniti  vecinu  buducih  studenata  matematike. 

Raspodjela  ispitanika  po  smjeru  koji  pohadaju  i spolu  prikazana  je  u Tablici  1. 


Ispitanici 

Opci  smjer 

Prirodoslovno- 
-matemateki  smjer 

Ukupno 

Ucenici 

83 

82 

165 

Ucenice 

192 

39 

231 

Ukupno 

275 

121 

396 

Tablica  1.  Broj  ispitanika  prema  spolu  i gimnazijskom  usmjerenju. 


“Zanimanje  profesor  matematike  smatram  atraktivnim  zanimanjem” 

Ucinjena  je  analiza  ucestalosti  pojedinih  odgovora  na  prvo  anketno  pitanje 
“Zanimanje  profesor  matematike  smatram  atraktivnim  zanimanjem”  s obzirom  na 
spol  (Tablica  2.),  gimnazijsko  usmjerenje  (Tablica  3.)  i razred  (Tablica  4.)  ispi- 
tanika. Da  bi  se  olaksala  interpretaeija  rezultata,  u pripremi  su  podataka  zdruzeni 
odgovori  “u  potpunosti  se  odnosi  na  mene”  i “uglavnom  se  odnosi  na  mene”  u 
kategoriju  “odnosi  se  na  mene”,  te  odgovori  “uglavnom  se  ne  odnosi  na  mene”  i “u 
potpunosti  se  ne  odnosi  na  mene”  u kategoriju  “ne  odnosi  se  na  mene”. 


Zasto  nedostaje  profesora  matematike? 
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“Zanimanje  profesor  matematike  smatram  atraktivnim  zanimanjem.” 

Spol  ispitanika 

Odnosi  se  na  mene 

Ne  odnosi  se  na  mene 

Ucenici 

25,45% 

74, 55% 

Ucenice 

17,31% 

82, 69% 

Ukupno 

20,  7% 

79,  3% 

Tablica  2.  Ucestalost  pojedinih  kategorija  odgovora  na  anketno  pitanje 
“Zanimanje  profesor  matematike  smatram  atraktivnim  zanimanjem” 
s obzirom  na  spol  ispitanika. 

Svega  20, 7%  ispitanika  zanimanje  profesor  matematike  smatra  atraktivnim, 
dok  cak  79,  3%  ispitanika  smatra  da  se  radi  o neatraktivnom  zanimanju.  lako  podaci 
HZZ-a  upucuju  na  veliku  zastupljenost  zena  medu  profesorima  matematike  u Re- 
publici  Hrvatskoj,  manji  postotak  ispitanih  ucenica  smatra  da  se  radi  o atraktivnom 
zanimanju  u odnosu  na  svoje  muske  kolege. 


“Zanimanje  profesor  matematike  smatram  atraktivnim  zanimanjem.” 

Usmjerenje  ispitanika 

Odnosi  se  na  mene 

Ne  odnosi  se  na  mene 

Opci  smjer 

17,  09% 

82,91% 

Prirodoslovno-matematicki  smjer 

28,91  -f% 

71,09% 

Ukupno 

20, 7% 

79, 3% 

Tablica  3.  Ucestalost  pojedinih  kategorija  odgovora  na  anketno  pitanje 
“Zanimanje  profesor  matematike  smatram  atraktivnim  zanimanjem’^ 
s obzirom  na  usmjerenje  ispitanika. 


Dobiveni  rezultati  potvrduju  da  ucenici  prirodoslovno-matematickog  usm- 
jerenja  imaju  nesto  pozitivniji  stav  prema  zanimanju  profesor  matematike  od 
ucenika  opcega  usmjerenja.  Takvi  su  rezultati  u skladu  s izborom  gimnazijskoga 
usmjerenja  koji  ucenici  pohadaju.  Istrazivanja  takoder  pokazuju  da  ucenici  koji 
pohadaju  prirodoslovno-matematicki  smjer  imaju  pozitivniji  stav  o matematici  kao 
predmetu  (Arambasic,  Vlahovic-Stetic  i Severinac,  2005)  pa  je  ovaj  rezultat  i u 
tom  smislu  ocekivan. 


“Zanimanje  profesor  matematike  smatram  atraktivnim  zanimanjem.” 

Razred  ispitanika 

Odnosi  se  na  mene 

Ne  odnosi  se  na  mene 

1.  razred 

30, 76% 

69, 24% 

2. razred 

18,59% 

81,41% 

3. razred 

25,29% 

74,71% 

4. razred 

12, 49% 

87,51% 

Ukupno 

20, 7% 

79,  3% 

Tablica  4.  Ucestalost  pojedinih  kategorija  odgovora  na  anketno  pitanje 
“Zanimanje  profesor  matematike  smatram  atraktivnim  zanimanjem” 
s obzirom  na  razred  ispitanika. 


U Tablici  4.  se  vidi  da  znacajan  pad  od  “boljeg”  prema  “losijem”  stavu  o 
atraktivnosti  zanimanja  profesor  matematike  nastupa  kod  gimnazijalaca  cetvrtog 
razreda.  Moguce  je  da  to  dijelom  ima  veze  s cinjenicom  da  se  radi  o maturantima 
koji  su  ozbiljno  poceli  promisljati  o svom  buducem  pozivu,  kao  i o pozitivnim  i 
negativnim  stranama  potencijalnih  zanimanja. 
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“O  zanimanju  profesor  matematike  razmisljam  kao  o potencijalnom  buducem 
zanimanju” 

Analiza  odgovora  na  ovo  anketno  pitanje  provedena  je  s obzirom  na  spol 
(Tablica  5.),  gimnazijsko  usmjerenje  (Tablica  6.)  i razred  (Tablica  7.)  ispitanika. 
Kao  i u prethodnom  pitanju  zdruzeni  su  odgovori  “u  potpunosti  se  odnosi  na  mene” 
i “uglavnom  se  odnosi  na  mene”  u kategoriju  “odnosi  se  na  mene”,  te  odgov- 
ori “uglavnom  se  ne  odnosi  na  mene”  i “u  potpunosti  se  ne  odnosi  na  mene”  u 
kategoriju  “ne  odnosi  se  na  mene”. 


“O  zanimanju  profesor  matematike  razmisljam 
kao  o potencijalnom  buducem  zanimanju.” 

Spol  ispitanika 

Odnosi  se  na  mene 

Ne  odnosi  se  na  mene 

Ucenici 

12, 12% 

87,88% 

Ucenice 

8, 65% 

91,35% 

Ukupno 

10, 09% 

89,91% 

Tablica  5.  Ucestalost  pojedinih  kategorija  odgovora  na  anketno  pitanje 
“O  zanimanju  profesor  matematike  razmisljam  kao  o potencijalnom  buducem  zanimanju” 

s obzirom  na  spol  ispitanika. 

S obzirom  na  iskazane  stavove  o atraktivnosti  zanimanja  profesor  matem- 
atike dobiveni  su  rezultati  “losiji”  od  ocekivanoga.  Naime,  tek  10, 09%  ispitanika 
razmislja  o zanimanju  profesor  matematike  kao  o potencijalnom  buducem  zani- 
manju, a cak  89,91%  ne  vidi  to  zanimanje  kao  svoje  potencijalno  buduce  zani- 
manje.  Kao  i kod  prethodnog  pitanja  ucenice  su  iskazale  manje  interesa  za  ovo 
zanimanje  od  svojih  muskih  vrsnjaka. 


“O  zanimanju  profesor  matematike  razmisljam 
kao  o potencijalnom  buducem  zanimanju.” 

Usmjerenje  ispitanika 

Odnosi  se  na  mene 

Ne  odnosi  se  na  mene 

Opci  smjer 

6,  17% 

93,  83% 

Prirodoslovno-matematicki  smjer 

19% 

81% 

Ukupno 

10,  09% 

89,91% 

Tablica  6.  Ucestalost  pojedinih  kategorija  odgovora  na  anketno  pitanje 
“O  zanimanju  profesor  matematike  razmisljam  kao  o potencijalnom  buducem 
zanimanju”  s obzirom  na  usmjerenje  ispitanika. 

Tek  jedna  trecina  gimnazijalaca  opcega  smjera  koji  su  zanimanje  profesor 
matematike  okarakterizirali  atraktivnim  razmislja  o tom  zanimanju  kao  o poten- 
cijalnom buducem  zanimanju  dok  to  vrijedi  za  priblizno  dvije  trecine  ucenika 
s istim  stavom  koji  pohadaju  prirodoslovno-matematicki  smjer.  Moguce  je  da 
na  ovakvo  razmisljanje  utjece  i uvjerenje  o vlastitoj  pripremljenosti  za  uspjesno 
stjecanje  potrebnoga  matematickog  obrazovanja  s obzirom  na  fond  sati  predmeta 
Matematika  u promatranim  usmjerenjima. 
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“O  zanimanju  profesor  matematike  razmisljam 
kao  o potencijalnom  buducem  zanimanju.” 

Razred  ispitanika 

Odnosi  se  na  mene 

Ne  odnosi  se  na  mene 

1 . razred 

23,06% 

76, 94% 

2.  razred 

5,8% 

94, 2% 

3.  razred 

10,  83% 

89, 17% 

4.  razred 

3,67% 

96, 33% 

Ukupno 

10,  09% 

18,43% 

Tablica  7.  Ucestalost  pojedinih  kategorija  odgovora  na  anketno  pitanje 
“O  zanimanju  profesor  matematike  razmisljam  kao  opotencijalnom  buducem 
zanimanju.”  s obzirom  na  razred  ispitanika. 

O zanimanju  profesor  matematike  kao  o svom  buducem  zanimanju  razmislja 
75%  ucenika  prvih  razreda  koji  su  to  zanimanje  ocijenili  kao  atraktivno  zanimanje 
dok  svega  29, 41%  ucenika  cetvrtog  razreda  koji  to  zanimanje  smatraju  atraktivnim 
razmisljaju  o njemu  kao  o potency alno  buducem  zanimanju. 

Faktori  koji  utjecu  na  stav  ispitanika  prema  zanimanju  profesor  matematike 

Trecim  anketnim  pitanjem  ispitivani  su  faktori  koji  utjecu  na  stav  ispitanika  o 
zanimanju  profesor  matematike.  Ispitanici  su  trebali  oznaciti  jedan  ili  vise  faktora 
od  trinaest  ponudenih  za  koje  smatraju  da  su  u najvecoj  mjeri  utjecali  na  njihove 
odgovore  na  prva  dva  pitanja.  Ponudeni  su  sljedeci  odgovori:  sigurna  drzavna 
placa,  velika  vjerojatnost  zaposlenja,  dugacak  godisnji  odmor,  radno  vrijeme,  poz- 
itivan  stav  prema  matematici,  uvazen  status  nastavnika  u drustvu,  velika  drustvena 
odgovornost  zanimanja,  niska  placa,  mala  mogucnost  napredovanja,  uvjeti  rada,  rad 
s djecom,  negativan  stav  prema  matematici  i nedovoljno  uvazen  status  nastavnika  u 
drustvu.  Takoder,  ispitanici  su  mogli  upisati  faktor  koji  nije  bio  ponuden  upitnikom, 
a koji  je  utjecao  na  njihov  stav.  S obzirom  da  je  primarni  cilj  ovoga  istrazivanja 
bio  ispitati  zasto  ucenici  ne  odabiru  zanimanje  profesor  matematike,  rezultati  su 
ovoga  pitanja  analizirani  s obzirom  na  odgovor  ispitanika  na  drugo  pitanje  “O  zani- 
manju profesor  matematike  razmisljam  kao  o potencijalnom  buducem  zanimanju”. 
Utvrdeni  su  najcesci  faktori  u odgovorima  ispitanika  koji  ne  razmisljaju  o zani- 
manju profesor  matematike  kao  potencijalno  buducem,  kao  i kod  onih  ispitanika 
koji  o istome  zanimanju  razmisljaju  kao  o potencijalnom  buducem.  Prvih  je  sest 
najcesce  odabranih  faktora  od  strane  ispitanika  koji  o zanimanju  profesor  matem- 
atike ne  razmisljaju  kao  o potencijalnom  buducem  zanimanju  s obzirom  na  spol 
prikazano  na  Slici  1. 

Medu  ispitanicima  koji  o zanimanju  profesor  matematike  ne  razmisljaju  kao  o 
potencijalnom  buducem  zanimanju  njih  54,49%  kao  faktor  koji  utjece  na  taj  stav 
navodi  nisku  placu,  pri  cemu  ovaj  faktor  kao  jedan  od  razloga  nezainteresiranosti  za 
zanimanje  profesor  matematike  cesce  navode  muski  ispitanici.  Taj  se  rezultat  moze 
dijelom  objasniti  razlikama  u spolnim  ulogama,  odnosno  ustaljenim  vjerovanjem 
da  muskarac  treba  prehraniti  obitelj.  Ucenici  takoder  cesce  od  ucenica  navode 
kao  razlog  za  svoj  stav  malu  mogucnost  napredovanja  i nedovoljno  uvazen  status 
nastavnika  u drustvu.  Negativan  stav  prema  samom  predmetu  Matematika  je  u 
slucaju  37, 36%  ispitanika  jedan  od  razloga  nezainteresiranosti  za  poziv  profesor 
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matematike,  pri  cemu  ovaj  faktor  mnogo  cesce  isticu  ucenice  (njih  49,29%)  u 
odnosu  na  ucenike  (20%).  Rad  s djecom  i uvjete  rada  cesce  kao  razlog  negativnog 
stava  navode  muski  ispitanici. 


Slika  1.  Prvih  sest  najcesce  odabiranih  faktora  od  strane  ispitanika 
koji  o zanimanju  profesor  matematike  ne  razmisljaju 
kao  o potencijalnom  buducem  zanimanju  s obzirom  na  spol. 

Prvih  sest  najcesce  odabiranih  faktora  od  strane  ispitanika  koji  o zanimanju  pro- 
fesor matematike  razmisljaju  kao  o potencijalnom  buducem  zanimanju  s obzirom 
na  spol  prikazano  je  na  Slid  2. 


Slika  2.  Prvih  sest  najcesce  odabiranih  faktora  od  strane  ispitanika 
koji  o zanimanju  profesor  matematike  razmisljaju 
kao  o potencijalnom  buducem  zanimanju  s obzirom  na  spol. 
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Ispitanici  koji  razmisljaju  o zanimanju  profesor  matematike  kao  o potenei- 
jalnom  buducem,  najcesce  kao  faktor  koji  utjece  na  njihov  stav  isticu  pozitivan 
stav  prema  predmetu  Matematika,  sto  navodi  57,  5%  ispitanika  iz  ove  kategorije. 
Iduci  najucestaliji  faktor  jest  dugacak  godisnji  odmor  (52,5%).  Uzme  li  se  k 
tome  u obzir  i cinjeniea  da  je  faktor  radnoga  vremena  odabralo  40%  ispitanika 
ove  kategorije,  mozemo  zakljuciti  da  u mnogih  ucenika  koji  razmisljaju  o zani- 
manju profesor  matematike  kao  potencijalno  buducem  zanimanju  postoji  pogresna 
percepcija  ovog  zanimanja  te  da  ga  smatraju  nezahtjevnim  poslom  koji  ostavlja 
mnogo  slobodnoga  vremena.  Ostali  cesto  odabirani  faktori  su  i sigurna  drzavna 
placa  (35%),  velika  vjerojatnost  zaposlenja  (35%)  i rad  s djecom  (30%). 


“Na  moj  sveukupan  stav  prema  zanimanju  profesor  matematike 
utjecali  su  moji  dosadasnji  profesori  matematike” 

Pri  analizi  ucestalosti  odgovora  na  ovo  anketno  pitanje  ponovno  su  zdruzeni 
odgovori  “u  potpunosti  se  odnosi  na  mene”  i “uglavnom  se  odnosi  na  mene”  u 
kategoriju  “odnosi  se  na  mene”,  te  odgovori  “uglavnom  se  ne  odnosi  na  mene”  i “u 
potpunosti  se  ne  odnosi  na  mene”  u kategoriju  “ne  odnosi  se  na  mene”.  Analiza  je 
provedena  s obzirom  na  stav  ispitanika  o zanimanju  profesor  matematike,  odnosno 
s obzirom  na  to  razmisljaju  li  o zanimanju  profesor  matematike  kao  o potencijalnom 
buducem  zanimanju.  U Tablici  8.  su  ispitanici  koji  o zanimanju  profesor  matem- 
atike razmisljaju  kao  o potencijalnom  buducem  zanimanju  oznaceni  s “pozitivan 
stav”,  dok  su  ispitanici  koji  o istom  zanimanju  ne  razmisljaju  kao  o potencijalnom 
buducem  zanimanju  oznaceni  s “negativan  stav”. 


“Na  moj  sveukupan  stav  prema  zanimanju  profesor  matematike 
utjecali  su  moji  dosadasnji  profesori  matematike.” 

Stav  prema  zanimanju 

Odnosi  se  na  mene 

Ne  odnosi  se  na  mene 

Pozitivan  stav 

55% 

45% 

Negativan  stav 

36,51% 

63,49% 

Ukupno 

38, 37% 

61,63% 

Tablica  8.  Ucestalost  pojedinih  kategorija  odgovora  na  anketno  pitanje  “Na  moj 
sveukupan  stav  prema  zanimanju  profesor  matematike  utjecali  su  moji  dosadasnji 
profesori  matematike”  s obzirom  na  stav  ispitanika  prema  zanimanju  profesor  matematike. 

Dosadasnji  profesori  matematike  utjecali  su  na  38, 37%  ispitanika,  pri  cemu  je 
njihov  utjecaj  znacajniji  kod  ispitanika  s pozitivnim  stavom,  sto  znaci  da  se  radilo 
o profesorima  koji  su  na  dio  svojih  ucenika  uspjeli  prenijeti  interes  i ljubav  prema 
predmetu  Matematka. 

Usporedba  s drugim  zanimanjima 

Od  ispitanika  se  trazilo  da  prema  vlastitu  misljenju  rangiraju  sest  ponudenih 
zanimanja  (profesor  matematike,  profesor  hrvatskog  jezika  i knjizevnosti,  diplomi- 
rani  ekonomist,  diplomirani  inzenjer  strojarstva,  magistar  farmacije,  diplomirani 
novinar),  i to  po  njihovoj  atraktivnosti,  visini  place  i zaposlivosti.  Analiza  odgovora 
prikazana  je  na  Slici  3.  (atraktivnost  zanimanja),  Slici  4.  (visina  place)  i Slid  5. 
(zaposlivost) . 
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Atraktivnost 


Slika  3.  Srednje  ocjene  zanimanja  s obzirom  na  njihovu  atraktivnost. 

Medu  ponudenim  zanimanjima  ispitanici  smatraju  najmanje  atraktivnima  (u 
gotovo  jednakoj  mjeri)  zanimanja  profesor  hrvatskog  jezika  i profesor  matematike. 
Iz  takvih  se  rezultata  moze  zakljuciti  da  je  ispitanicima  neatraktivan  profesorski 
poziv  opcenito,  a ne  iskljucivo  zanimanje  profesor  matematike. 


Visina  place 


Slika  4.  Srednje  ocjene  zanimanja  s obzirom  na  visine  placa. 

Procjena  ispitanika  medusobnog  odnosa  visina  placa  sest  ponudenih  zanimanja 
je  prilicno  realna  (prema  podacima  Drzavnoga  zavoda  za  statistiku),  iako  place 
diplomiranoga  novinara  i diplomiranoga  ekonomista  mogu  varirati  unutar  sirokoga 
ranga.  Iz  dobivenih  se  rezultata  moze  zakljuciti  da  postoji  ovisnost  izmedu  vi- 
sine ocekivane  place  za  pojedino  zanimanje  i njegove  atraktivnosti,  odnosno  da 
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kod  prosjecnog  ispitanika  ocekivana  visina  place  pojedinog  zanimanja  utjece  na 
njegovu  atraktivnost. 


Slika  5.  Srednje  ocjene  zanimanja  s obzirom  na  zaposlivost  zanimanja. 

Kao  sto  smo  vec  naveli,  u Republici  Hrvatskoj  je  u razdoblju  od  sijecnja  do 
studenoga  2010.  godine  prijavljeno  cak  553  slobodnih  radnih  mjesta  za  profesore 
matematike  i 400  slobodnih  radnih  mjesta  za  ucitelje  matematike.  Nadalje,  u istom 
je  periodu  prijavljeno  172  slobodna  mjesta  za  magistre  farmacije  i 342  slobodna 
radna  mjesta  za  diplomirane  inzenjere  strojarstva.  S druge  strane,  diplomirani 
ekonomist,  profesor  hrvatskog  jezika  i knjizevnosti  te  diplomirani  novinar  se  nalaze 
medu  deset  najbrojnijih  zanimanja  s obzirom  na  broj  nezaposlenih  osoba.  Prema 
dobivenim  rezultatima  moze  se  zakljuciti  da  ispitanici  nisu  dovoljno  upoznati  s 
navedenim  informacijama. 

Posljednje  je  anketno  pitanje  bilo  slobodnog  tipa.  Ispitanici  su  trebali  upisati 
zanimanje  kojim  hi  se  zeljeli  baviti  u buducnosti.  Rezultati  su  prikazani  na  Slici  6. 
na  kojoj  je  istaknuto  pet  najatraktivnijih  zanimanja. 


■ Ne  znam 
D Diplomirani  pravnik 

□ Diplomirani  inzenjer 
informatike 

s Doktor  medicine 

n Arhitekt 

□ Diplomirani  ekonomist 

□ Ostalo 


Slika  6.  Zanimanja  kojim  se  ispitanici  zele  baviti  u buducnosti. 
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Od  369  je  ispitanika  njih  petero  na  posljednje  pitanje  odgovorilo  da  zeli  bid 
profesor  matematike,  sto  je  1, 35%  svih  ispitanika. 


Diskusija  i zakijucak 

Rezultati  su  provedenog  istrazivanja  u skladu  s prisutnim  nedostatkom  profe- 
sora  matematike.  Naime,  gotovo  80%  ispitanika  ne  smatra  ovo  zanimanje  atrak- 
tivnim,  a tek  10%  razmislja  o njemu  kao  o potencijalno  buducem  zanimanju. 
Pomalo  iznenaduje  da  iako  su  zene  znatno  zastupljenije  u samom  zanimanju,  an- 
ketirane  ucenice  ovo  zanimanje  smatraju  manje  atraktivnim  u odnosu  na  svoje 
vrsnjake  i rjede  o njemu  razmisljaju  kao  o svom  buducem  zanimanju.  Moguce  je 
da  ucenice  imaju  negativniji  stav  prema  samom  predmetu  Matematika  od  ucenika 
te  da  taj  stav  prenose  i na  zanimanje  profesor  matematike.  Provedena  su  brojna 
istrazivanja  o utjecaju  spola  na  stav  prema  predmetu  Matematika,  od  kojih  neka 
potvrduju  da  je  on  znacajan,  te  da  se  krece  od  manjeg  na  mladem  uzrastu  ispi- 
tanika prema  snaznijem  na  uzorcima  gimnazijalaca  i studenata.  S druge  strane, 
postoje  istrazivanja  koja  pokazuju  da  gimnazijalci  prema  predmetu  Matematika 
imaju  neutralan  stav  i ne  slazu  se  s pretpostavkom  da  je  matematika  muska  domena 
(Arambasic,  Vlahovic-Stetic  i Severinac,  2005). 

Za  profesore  je  matematike  u srednjoj  skoli  posebno  zanimljiv  podatak  da  o 
zanimanju  profesor  matematike  kao  o svom  buducem  zanimanju  razmislja  75% 
ucenika  prvih  razreda  koji  su  to  zanimanje  ocijenili  kao  atraktivno  zanimanje  dok 
svega  29,41%  ucenika  cetvrtog  razreda  koji  to  zanimanje  smatraju  atraktivnim 
razmislja  o njemu  kao  o potencijalno  buducem  zanimanju.  Uzme  li  se  u obzir 
i cinjenica  da  je  postotak  ucenika  koji  navedeno  zanimanje  smatraju  atraktivnim 
znacajno  manji  u cetvrtom  nego  u prvom  razredu  srednje  skole,  jasno  da  je  da 
treba  uciniti  dodatan  napor  kako  bi  se  upravo  tijekom  srednjoskolskog  obrazovanja 
smanjilo  opadanje  interesa  za  ovo  zanimanje. 

Vecina  ispitanika  kao  razlog  svoga  negativnog  stava  istice  visinu  primanja, 
sto  bi  svakako  trebalo  imati  na  umu  zeli  li  se  izbjeci  daljnji  pad  interesa  za  ovo 
zanimanje.  Losi  rezultati  i za  drugo  ponudeno  profesorsko  zanimanje  (profesor 
hrvatskog  jezika  i knjizevnosti)  upucuju  na  neatraktivnost  rada  u prosvjeti  opcenito. 
Takoder,  ispitanici  uglavnom  nisu  svjesni  cinjenice  da  je  od  sest  ponudenih  upravo 
profesor  matematike  zanimanje  koje  omogucuje  najbrze  zaposljavanje.  Ucenici  su 
to  zanimanje  s obzirom  na  zaposlivost  ocijenili  srednjom  ocjenom  3,4,  slicno  kao 
i zanimanje  diplomirani  novinar  (3,39),  gdje  postoji  znacajan  broj  nezaposlenih 
osoba  s visokom  strucnom  spremom.  Pitanje  koje  se  postavlja  jest  bi  li  rezultati  is- 
trazivanj  a o stavovima  gimnazij  alaca  o atraktivnosti  zanimanj  a profesor  matematike 
bili  drukciji  da  su  ispitanici  jace  svjesni  podataka  o zaposlivosti  toga  zanimanja. 
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Sazetak.  Matematika  je  sastavni  dio  kulture  (posebice  u arhitek- 
turi  i umjetnosti)  te  svakodnevnome  zivotu.  lako  rezultati  nekih 
istrazivanja  ukazuju  na  postojanje  neutralnih  ili  negativnih  stavova 
prema  matematici,  ljudi  ju  svakodnevno  rabe.  Telefoniranje,  placanje, 
mjerenje  i si.  neke  su  od  svakodnevnih  situacija  za  koja  su  potrebna 
matematicka  znanja.  Upravo  se  aktivnostima  funkcionalne  uporabe 
matematike  u ranom  odgoju  i obrazovanju  daje  velika  pozornost.  U Na- 
cionalnom  se  okvirnom  kurikulumu  za  predskolski  odgoj  i obrazovanje 
te  opce  obvezno  i srednjoskolsko  obrazovanje  navodi  nuznost  stjecanja 
matematickih  kompetencijapotrebnih  za  rjesavanje  svakodnevnih  prob- 
lemskih  situacija.  U slucaju  predskolskog  odgoja  i obrazovanja  nositelj 
(tocnije  dizajner  i organizator)  tih  aktivnosti  je  odgojitelj.  Polazeci  od 
pretpostavki  da  je  profesionalna  edukacija  odgojitelja  karakterizirana 
pragmaticnoscu,  da  su  matematicka  znanja  neophodna  za  svakodnevno 
funkcioniranje  te  daje  rano  djetinjstvo  razdoblje  u kojemu  djeca  inten- 
zivno  uce  o svome  okruzenju  i stjecu  oruda  kulture  (jezik,  simbole. . .), 
postavlja  se  pitanje  prisutnosti  matematike  u profesionalnoj  edukaciji 
odgojitelja.  Kako  bi  se  dobio  uvid  u zastupljenost  matematike  u 
programima  profesionalne  edukacije  odgojitelja,  analizirani  su  pro- 
gram! trogodisnjih  strucnih  studija  za  odgojitelje  predskolske  djece  sa  5 
sveucilista  u Republic!  Hrvatskoj.  Dobiveni  rezultati  ukazuju  na  nisku 
zastupljenost  matematike  u navedenim  programima  te  na  reduciranje 
matematike  u smjeru  profesionalnoga  alata.  Obzirom  da  su  samo 
dva  sveucilista  u Republic!  Hrvatskoj  pokrenula  sveucilisni  studij  za 
odgojitelje,  ovi  rezultati  mogu  posluziti  kao  okvir  daljnjem  propitivanju 
vaznosti  matematike  u profesionalnoj  izobrazbi  odgojitelja  i njezinom 
mjestu  u institucionalnom  predskolskom  odgoju. 

Kljucne  rijeci:  matematika,  program!  profesionalne  edukacije, 
odgojitelji,  pragmaticnost,  funkcionalnost 


Uvodna  razmatranja 

Matematika  je  sastavni  dio  kulture  (posebice  u arhitekturi  i umjetnosti)  te 
svakodnevnome  zivotu.  lako  rezultati  nekih  istrazivanja  ukazuju  na  postojanje 
neutralnih  ili  negativnih  stavova  prema  matematici  (Wittmann,  2006)  ljudi  ju  ipak 
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svakodnevno  rabe.  Takva,  funkcionalna  uporaba  brojeva  i matematike  prisutna 
je  vec  u ranom  djetinjstvu.  Vaznost  matematike  vidljiva  je  i u dokumentima 
Europske  Unije  i Republike  Hrvatske.  Take  Europska  Komisija  (2004)  navodi 
kljucne  kompeteneije  za  ejelozivotno  ucenje  na  slijedecim  podruejima:  komu- 
nikaeija  na  materinjem  i stranom  jeziku,  informacijsko-komunikacijska  tehnologija 
(ICT),  matematicka  pismenost  i kompeteneije  vezane  uz  znanost  i tehnologiju,  po- 
duzetnicke  kompeteneije,  osposobljenost  za  ejelozivotno  ucenje,  interpersonalne 
i gradanske  kompeteneije  te  kulturalna  ekspresija.  U Nacionalnom  se  okvirnom 
kurikulumu  za  predskolski  odgoj  i obrazovanje  te  opce  obvezno  i srednjoskol- 
sko  obrazovanje  u Republici  Hrvatskoj  (MZOS,  2010)  navodi  nuznost  stjecanja 
matematickih  kompeteneija  potrebnih  za  rjesavanje  svakodnevnih  problemskih 
situaeija.  U slucaju  predskolskog  odgoja  i obrazovanja  nositelj  (tocnije  diza- 
jner  i organizator)  tih  aktivnosti  je  odgojitelj.  Kako  bi  se  osigurala  uspjesna 
(u  smislu  ucinkovitosti)  pedagoska  djelatnost,  buduci  se  odgojitelji  u Republici 
Hrvatskoj  profesionalno  educiraju  na  struenim  i sveucilisnim  studijima.  Svrha 
struenih  studija  jest  “opremiti”  studenta  primjerenim  prakticnim  kompeteneijama, 
koje  ce  kao  radnik  moci  svakodnevno  aplicirati  u svojoj  profesionalnoj  djelat- 
nosti.  Tijekom  svoje  profesionalne  edukacije  odgojitelji  “izgraduju  sustav  osobnih 
vrijednosti,  temeljen  na  individualnim  iskustvima  soeijalizaeije,  na  iskustvima  os- 
obne  participaeije  u edukaeijskom  procesu  te  na  spoznajama  iz  podrueja  ‘struke’” 
(Irovic,  Romstein,  2007,  229).  Propitujuci  ucinkovitost  pedagoske  djelatnosti 
odgojiteija  Colker  (2008)  navodi  kako  je  ona  (ucinkovitost)  pod  izravnim  utjeca- 
jem  odgoj iteljevih  znanja,  vjestina  i karakteristika  licnosti.  Kao  vazan  cimbenik 
odgojiteljeve  profesionalne  uspjesnosti,  student!  - buduci  odgojitelji  navode  upravo 
profesionalnu  edukaeiju  (Irovic,  Romstein,  2007).  Obzirom  da  su  u dokumentima 
na  medunarodnoj  razini,  a koje  prihvaca  i Republika  Hrvatska,  navedene  kompe- 
teneije potrebne  za  samostalnu  i ucinkovitu  profesionalnu  djelatnost  odgojiteija, 
Eepicnik-Vodopivec  (2007)  nakon  provedenog  istrazivanja  iznosi  slijedece  rezul- 
tate:  na  prvome  mjestu  po  vaznosti  (iz  perspektive  studenata  - buducih  odgojiteija) 
nalaze  se  znanja  i razumijevanje  razvojnih  karakteristika  djece  predskolske  dobi, 
njihovih  individualnih razlika i potreba,  poznavanje kognitivno-razvojnih  teorija iza 
kojih  slijede  kompeteneije  sa  podrueja  metodologije  izvedbe.  Kako  je  vec  ranije 
receno,  matematika  je  vec  od  rane  dobi  svakodnevno  prisutna.  Implementacijom 
Bolonjskoga  procesa  hrvatska  sveucilista  i pripadajuce  sastavnice  dobivaju  pri- 
liku  za  koncipiranje  studija  u odnosu  na  zahtjeve  odgojiteljske  profesije.  Kako  bi 
se  stekao  uvid  u postojanje  matematike  i matematickih  sadrzaja  analizirano  je  5 
programa  struenih  (trogodisnjih)  studija  za  odgojitelje  predskolske  djece:  Odjel  za 
izobrazbu  ucitelja  i odgajatelja  predskolske  djece  Sveucilista  u Zadru  (strueni  studi- 
jski  program  za  odgajatelje  predskolske  djece),  Uciteljski  fakultet  u Osijeku  (tro- 
godisnji  strueni  studij  za  odgajatelja  predskolske  djece),  Uciteljski  fakultet  u Rijeci 
(strueni  studij  predskolskog  odgoja),  Eilozofski  fakultet  u Splitu  (strueni  studijski 
program  odgojitelj  djece  predskolske  dobi),  te  Uciteljski  fakultet  u Zagrebu  (pri- 
jedlog  preddiplomskog  struenog  studijskog  programa  za  odgojitelje  predskolske 
djece).  Svi  su  program!  iz  2004./2005.  godine  kada  se  krenulo  sa  studijem  prema 
Bolonjskom  procesu.  Analiza  kolegija  ucinjena  je  prema  slijedecim  kriterijima: 
postojanje  kolegija,  cilj/evi  kolegija,  sadrzaji  kolegija  i ocekivane  kompeteneije. 

Analizom  kolegija  utvrdeno  je  nepostojanje  kolegija  Matematika  te  niska  za- 
stupljenost  matematickih  sadrzaja  u navedenim  studijskim  programima,  odnosno 
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njezino  reduciranje  u smjeru  profesionalnoga  alata,  sto  je  posebice  vidljivo  u okvir- 
ima  kolegija  Metodologija  pedagoskih  istrazivanja,  Statistika  i Informatika. 


Postojanje  kolegija  Matematika  na  studijima  predskolskog  odgoja 

Ucenje  matematike  moguce  je  vec  u ranom  djetinjstvu.  Rezultati  istrazivanja 

0 ucenju  matematike  u ranoj  dobi  ukazuju  slijedece:  ucenje  matematike  s jednos- 
tavnim  racunskim  operacijama  poput  klasifikacije  i pridruzivanja  izravno  utjece 
na  uspjesnost  ucenja  matematike  tijekom  prvog  razreda  osnovne  skole  (Bodrovski 

1 Farkas,  2007),  djeca  predskolske  dobi,  vrlo  rano,  cak  prije  5.  g.  zivota,  imaju 
sposobnosti  razumijevanja  prostornih  odnosa,  brojeva,  kolicine  i geometrije  sto  se 
moze  dodatno  poticati  i razvijati  kroz  igre  konstrukcije,  posebice  gradenja  kocaka 
(Sarama  i Clements,  2004).  Obzirom  na  mogucnosti  ucenja  matematike  u ranoj 
dobi,  njezinim  vrijednostima  obuhvacenim  u aktualnim  odgojno-obrazovnim  doku- 
mentima  na  medunarodnoj  razini  i razini  Republike  Hrvatske  te  vaznosti  kompe- 
tencija  (iz  percepcije  samih  studenata)  sa  podrucju  metodologije  izvedbe,  vrijedno 
je  propitati  aktualnu  “ponudu”  matematickih  sadrzaja  u programima  profesionalne 
edukacije  odgojitelja. 

Od  5 analiziranih  studijskih  programa  niti  jedan  nije  imao  kolegij  Matem- 
atika. No,  postoje  kolegiji  srodni  matematici,  odnosno  oni  koji  sadrze  elemente 
matematike.  Tako  na  Uciteljskom  fakultetu  u Zagrebu  postoje  kolegiji  Metodika 
predskolskog  odgoja  I i II;  na  Uciteljskom  fakultetu  u Osijeku  student!  se  susrecu  s 
matematikom  u okviru  kolegija  Tablicni  kalkulator,  Metodika  predskolskog  odgoja 
IV  i Metodologija  pedagoskih  istrazivanja;  na  Uciteljskom  fakultetu  u Rijeci  u 
okvirima  kolegija  Osnove  pedagoske  metodologije  i Osnove  statistike;  na  Odsjeku 
za  izobrazbu  ucitelja  i odgojitelja  Sveucilista  u Zadru  unutar  kolegija  Metodika 
odgojno-obrazovnoga  rada  III  i Informatika  II;  te  na  Filozofskom  fakultetu  u 
Splitu  u kolegijima  Osnove  informatike,  Metodike  predskolskog  odgoja  II  i Osnove 
metodologije  pedagoskih  istrazivanja. 


Analiza  kolegija  s ponudenim  matematickim  sadrzajima 

Obzirom  da  niti  u jednom  programu  profesionalne  edukacije  nije  ponuden 
kolegij  matematika,  pozornost  smo  usmjerili  na  analizu  kolegija  u kojima  se  po- 
javljuju  matematicki  sadrzaji.  Kolegiji  koji  svojim  sadrzajima  studentima  nude, 
izmedu  ostalih,  i matematiku  su:  Metodika  predskolskog  odgoja  (poznavanje  oko- 
line)  1 i 2 (Uciteljski  fakultet  u Zagrebu);  Tablicni  kalkulator,  Metodika  predskol- 
skog odgoja  4 i Metodologija  pedagoskih  istrazivanja  (Uciteljski  fakultet  u Os- 
ijeku); Osnove  pedagoske  metodologije  i Osnove  statistike  (Uciteljski  fakultet  u 
Rijeci) ; Metodika  odgojno-obrazovnog  rada  3 i Informatika  2 (Odsjek  za  izobrazbu 
ucitelja  i odgojitelja  Sveucilista  u Zadru) ; Osnove  informatike,  Metodika  predskol- 
skog odgoja  2 i Osnove  metodologije  pedagoskih  istrazivanja  (Filozofski  fakultet 
u Splitu). 
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Analizom  sadrzaja  utvrdeno  je  daponudeni  matematicki  sadrzaji  unutar  studi- 
jskih  programa  nisu  u funkciji  pedagoskog  rada  s djecom.  Matematicki  sadrzaji  koji 
se  mogu  naci  u navedenim  kolegijima  uglavnom  su  usmjereni  na  istrazivacke  kom- 
petencije  buducih  odgojiteija,  sto  je  samo  jedan  aspekt  profesionalne  djelatnosti 
odgojiteija.  Takav,  redukcionisticki  pristup  matematici  ukazuje  na  nedovoljno  razu- 
mijevanje  njezine  svakodnevne  prisutnosti  i vaznosti.  S druge  pak  strane,  kolegiji 
koji  se  odnose  na  statistiku  pretpostavljaju  visoku  razinu  matematickih  znanja 
studenata  pa  se  u sadrzajima  pojavljuju  primjerice  hikvadrat  test,  kovarijansa,  ko- 
relacija  i sL,  sto  u pedagoskoj  praksi  odgojitelji  uglavnom  ne  rabe.  lako  podizanje 
kvalitete  odgojno-obrazovnoga  rada  pretpostavlja  posjedovanje  “znanstvenih  kom- 
petencija”  sa  podrucja  metodologije,  statistike  i pedagoskih  istrazivanja  (Mati- 
jevic,  2007,  304)  koje  facilitiraju  dizajniranje  razvojno  primjerene  prakse,  predu- 
vjet  razumijevanju  slozenijih  statistickih  operacija  je  razumijevanje  elementarnih 
matematickih  pojmova,  sto  je  u ovom  slucaju  izostalo.  Iz  navedenog  je  vidljiva 
paralelna  prisutnost  redukcionizma  i visoke  razine  zahtijeva  spram  studenta.  Stoga 
je  potrebno  usuglasiti  razine  zahtijeva  spram  studenata  te  propitati  relevantnost 
sadrzaja  koji  im  se  nude  u smislu  njihove  primjenjivosti  u kasnijoj  profesionalnoj 
djelatnosti. 

Gledajuci  pojedine  sastavnice  programa,  takoder  se  moze  uociti  neusuglasenost 
i nedosljednost.  Tako  ciljevi  (koji  se  tumace  kao  polazisne  tocke  u kreiranju 
kolegija)  u pojedinim  programima  kolegija  (primjerice  Metodika  predskolskog 
odgoja  1 i 2,  Metodika  odgojno  - obrazovnog  rada  3,  Informatika  2)  nisu  niti  nave- 
deni  pa  se  namece  pitanje  vrednovanja  ishoda  u kolegija  kojemu  cilj  nije  poznat. 
Sto  se  tice  kompetencija,  dva  fakulteta  uopce  nemaju  navedene  kompetencije,  te 
je  nejasno  sto  studenti  “dobivaju”  nakon  polozenog  ispita.  Naime,  kompetencije 
su  na  medunarodnoj  razini  svojevrsna  zajednicka  nacela  u profesionalnoj  edukaciji 
odgojiteija.  One  su  u funkciji  “rjesavanja  aktualnih  i buducih  globalnih  zahtijeva  i 
ocekivanja”  (Babic,  2007,  33)  sto  je  neizbjezan  preduvjet  studiranju  “po  Bologni”. 

No,  odredeni  kolegiji  (primjerice  Metodika  odgojno-obrazovnog  rada  3)  idu 
i korak  dalje  te  studentima  nude  sadrzaje  i kompetencije  vezane  uz  igru,  koju 
tumace  kao  poligon  za  testiranje  vlastitih  matematickih  kompetencija  (npr.  “Igra 
kao  temeljna  metoda  u podrucju  razvijanja  pocetnih  matematickih  pojmova”)  za 
sto  je  potrebna  metakompetentnost  iz  navedenog  podrucja. 

Iz  navedenog  se  moze  zakljuciti  kako  ponudeni  matematicki  sadrzaji  nisu 
uskladeni  te  studentima  ne  nude  dovoljno  informacija  o nacinima  implementacije 
matematike  u svakodnevni  pedagoski  rad.  Uz  to,  matematika  se  vidi  kao  alat  za  us- 
pjesnu  istrazivacku  djelatnost  sto  je,  zapravo,  samo  jedan  aspekt  profesionalne  dje- 
latnosti odgojiteija.  Obzirom  da  je  matematika  prisutna  u svakodnevnom  zivotu  a 
njezina  pragmaticna  vrijednost  je  jedna  od  najcesce  spominjanih  (Wittmann,  2006) 
vazno  je  promisliti  o mogucnostima  njezine  implementacije  u nove,  sveucilisne, 
programe  profesionalne  edukacije  odgojiteija. 

*** 

Analizom  programa  profesionalne  edukacije  odgojiteija  utvrdeno  je  neposto- 
janje  kolegija  Matematika.  Ono  sto  postoji  su  matematicki  sadrzaji  unutar  kolegija 
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Statistika,  Metodologija,  Informatika  te  u nesto  manjoj  mjeri  u metodikama  sto 
ukazuje  na  izostanak  videnja  vrijednosti  matematike  u izravnom  pedagoskom  radu 
s djecom  predskolske  dobi. 

Analizom  kolegija  utvrdena  je  niska  zastupljenost  matematike  i njezino  reduci- 
ranje  u smjem  profesionalnoga  alata,  posebice  u okvirima  kolegija  Metodologija 
pedagoskih  istrazivanja,  Statistika  i Informatika.  lako  su  kompetencije  samostalnog 
znanstveno-istrazivackoga  rada  vazan  aspekt  odgojiteljeve  profesionalne  djelatnosti 
one  su,  zapravo,  potporanj  u gradenju  razvojno  primjerene  prakse.  Mnogi  autori 
(Liebeck,  1994;  Wittmann,  2006;  Bodrovski  i Farkas,  2007)  podsjecaju  kako  se  u 
radu  s djecom  predskolske  dobi  matematika,  tocnije  matematicka  znanja,  uzimaju 
kao  “mjera”  procjene  djetetove  spremnosti  za  polazak  u osnovnu  skolu,  no  zapravo 
je  prakticna  uporaba  matematike  njezina  vrijednost  koja  se  ocituje  vec  tijekom 
ranog  djetinjstva. 

Trenutno  se  u Republici  Hrvatskoj  programi  profesionalne  edukacije  odgo- 
jitelja  usmjeravaju  sa  strucnih  na  sveucilisne  dodiplomske  i diplomske  studije,  sto 
je  jedinstvena  prilika  za  propitivanje  aktualnih  programa  i kompetencija.  Prema 
dostupnim  podacima,  jedino  je  Uciteljski  fakultet  u Osijeku  studentima  ponudio 
matematicke  kolegije  - Matematicku  kulturu  i komunikaciju  te  Matematiku  u igri  i 
razonodi.  Time  se  studentima  omogucio  siri  izbor  matematickih  sadrzaja  i stjecanje 
relevantnih  kompetencija  potrebnih  za  uspjesnu  profesionalnu  djelatnost. 
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Savremeni  pristupi  ucenja  matematike 
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Nenad  Vulovic,  Aleksandra  Mihajlovic-Kononov  i Milana  Egeric 
Pedagoski  fakultet  u Jagodini,  Jagodina,  Srbija 


Rezime.  U ovom  radu  dacemo  kratak  pregled  jednog  nacina  ost- 
varivanja  matematickog  obrazovanja  studenata  uciteljskih  fakulteta  u 
Srbiji,  sa  posebnim  osvrtom  na  nacine  razvoja  kreativnosti  i planiranja 
nastave  matematike  kao  preduslova  njene  uspesne  realizacije. 

Kljucne  reci:  nastava,  matematika,  aktivno  ucenje 


Uvod 

Od  nastanka  organizovanih  oblika  poducavanja,  pa  sve  do  savremenih  obra- 
zovnih  sistema,  stalno  se  tezi  ka  osmisljavanju  novih  i sve  efikasnijih  postu- 
paka  i tehnika  ucenja.  Shodno  tome  uvodi  se  i nastava  kojom  bi  se,  uz  maksi- 
maklnu  aktivizaciju  neposrednih  ucesnika  u nastavnom  procesu,  obezbedio  kvalitet 
prenesenog  znanja.  Na  taj  nacin  znanja  koja  primaju  ucenici  ne  smeju  ostati  pa- 
sivna  cinjenica  bez  mogucnosti  primene.  Stalni  napori  unapredivanja  poducavanja 
i nastave  doveli  su  do  nastanka  velikog  broja  tipova  nastave  i metoda  kojima  se 
ona  izvodi.  Te  metode  su  vremenom,  u vecoj  ili  manjoj  meri,  zauzimale  znacajno 
mesto  u nastavnom  procesu  ili  su  nestajale. 

Pokusaj  postavljanja  temelja  znanja  i njegovog  izucavanja  buducim  generaci- 
jama,  u oblasti  vaspitanja  i obrazovanja,  u vreme  dubokih  i brzih  drustvenih, 
drzavnih,  informaciono-tehnoloskih  i naucnih  postignuca,  znaci  precizno,  promi- 
sljeno  i visestrano  postavljanje  puteva  i nacina  licnog  i drustvenog  razvoja  dece  i 
ucenika  od  predskolskog  uzrasta  do  ulaska  u visokoskolski  sistem. 

Nastava  sa  kojom  se  mozemo  susresti  u svakodnevnoj  skolskoj  praksi,  ne  samo 
matematike,  u mnogo  cemu  ne  moze  ispuniti  zahteve  koje  savremeno  drustvo  od  nje 
zahteva.  Trenutni  nastavni  proces  u velikoj  meri  je  skoncentrisan  na  predavaca  koji 
je  u fokusu  i koji  ucenicima  pruza  cinjenicne  informacije  zasnovanje  na  knjiskom 
znanju.  Akcenat  je  na  onoj  vrsti  ucenja  na  koje  ce  se  nadalje  pozivati,  a ne  primen- 
jivati,  i kojim  se  stimulise  koriscenje  malog  broja  cula.  Ovakvim  autoritativnim 
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istupanjem  u izlaganju  ucenici  ne  dobijaju  potrebnu  motivaciju  za  dubljim  otkri- 
vanjem  izlozenih  znanja,  osnove  koje  usvajaju  su  slabo  upotrebljive,  a spoznaja 
cinjenica  je  pracena  nezadovoljstvom,  prisilom,  teranjem  na  rad  i gubljenjem  zelje 
za  nova  otkrica. 


Sasvim  je  jasno  da  nastava  matematike,  kao  bazicni  predmet  svake  reforme, 
zahteva  sveobuhvatno  obrazovanje  onih  koji  je  izvode,  a samim  tim  i njihovu 
maksimalnu  osposobljenost  i pripremljenost  u planiranju  i izvodenju. 


Pokusavajuci  da  odrzi  korak  sa  savremenim  trendovima  i pruzi  maksimalno 
obrazovanje  buducim  aktivnim  ucesnicima  u obrazovnom  sistemu,  na  Uciteljskim, 
Pedagoskim,  ali  i drugim  nastavnickim  fakultetima  u Srbiji,  sve  vise  pocinje  da 
se  primenjuje  neki  od  mnogobrojnih  pedagoskih  pravaca  koji  su  cesto  nazivani 
jednim  imenom  - aktivno  ucenje.  U nastavku  rada  prikazacemo  jedan  od  novi- 
jih  pravaca  aktivnog  ucenja  koji  se  sve  vise  primenjuje  u metodickom  obrazovanju 
buducih  ucitelja  i pripremi  za  njihovo  samostalno  izvodenje  casova,  a koji  je  zauzeo 
znacano  mesto  na  Pedagoskom  fakultetu  u Jagodini. 


Aktivno  ucenje/nastava  (AUN)  je  projekat  zapocet  1994.  godine  od  strane 
tima  saradnika  Instituta  za  psihologiju  Filozofskog  fakulteta  u Beogradu,  na  celu 
sa  rukovodiocem  projekta  prof,  dr  Ivanom  Ivicem,  a u saradnji  sa  Kancelari- 
jom  UNICEF-a  u Beogradu.  U okviru  ovog  projekta  razvijen  je  specifican  nacin 
pripreme  i analize  casova,  na  osnovu  kojih  buduci  ucitelji  spremaju  svoje  pisane 
pripreme  i vrse  procenu  izvedenih  casova  u okviru  predmeta  Metodika  nastave 
matematike.  U samom  radu  necemo  se  osvrtati  na  metode*  AUN-a  vec  na  postu- 
pak  nastanka  scenarija. 


Proces  izrade  scenarija  za  AUN  casove  je  kljucna  faza  pripreme  studenata  u 
sprovodenju  ideja  o aktivnom  ucenju  u nastavnoj  praksi.  Term  in  scenario  namerno 
je  pozajmljen  iz  fdmske  terminologije  jer  je  to  segment  vremena  u kome  se  na 
ucionickoj  „sceni“  odigravaju  krupni  i bitni  procesi  unutar  svake  jedinke  i koje 
treba  na  neki  nacin  rezirati  i o njima  napraviti  pisani  trag. 


Na  samom  pocetku  price  o stvaranju  scenarija  navedimo  najvaznije  razlike 
uzmedu  pisanja  pripreme  za  tradicionalni,  kod  nas  najzastupljeniji,  oblik  nastave  i 
pisanja  scenarija  (tabela  1): 

* Detaljna  razrada  metoda  AUN-a  moze  se  naci  u prirucniku  [1] 
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Klasicna  pisana  priprema  za  cas: 

AUN  scenario: 

Planira  se  za  izvodenje  jednog  casa 
od  45  minuta 

Planira  se  za  izvodenje  jednog  casa,  ali  i celine 
manje  (deo  casa)  ili  vece  od  jednog  casa  (dvocas, 
blok  casova,  ciklus  veceg  broja  casova  itd.). 

U njoj  se  specifikuje  sta  radi  nas- 
tavnik,  kako  ce  izvesti  cas. 

Akcenat  je  na  tome  sta  rade  ucenici,  specifikuju 
se  nastavne  situacije  (koje  bi  trebalo  da  izazovu 
razlicite  aktivnosti  relevantne  za  dati  sadrzaj)  i 
aktivnosti  ucenika  (koje  ce  biti  izazvane  u toj 
situaciji). 

Specifikuje  se  sadrzaj  (STA  se 
radi,  raspored  gradiva  i vremenska 
artikulacja  uz  navodenje  nastavnih 
metoda  i didaktickih  sredstava  koja 
ce  se  koristiti). 

Dominira  KAKO  ce  se  izazvati  odredene  ak- 
tivnosti ucenika  i KOJE  aktivnosti  ce  biti  iza- 
zvane, pedagoska  interakcija  medu  ucenicima  i 
izmedu  ucitelja  i ucenika.  A to  znaci  da  je 
naglasak  na  metodama  nastave  kroz  ucenj  i to 
specificne  za  gradivo. 

Teziste  je  na  izvodenju,  realizaciji 
casa. 

Teziste  je  na  pripremi  pre  casa,  dizajniranju 
nastavne  zamisli  koja  ce  na  najbolji  nacin  real- 
izovati  odredene  celjeve  (i  vremenska  priprema 
uzima  vise  vremena  od  samog  izvodenja  casa  - 
od  dolazenja  do  ideje,  pa  do  kreiranja  nastavne 
situacije). 

Pisana  priprema  ima  skoro  uni- 
formnu  strukturu:  uvod,  tok,  za- 
kljucak  (pa  otud  preti  opasnost 
sablonizacije,  mehanickog  prepi- 
sivanja  priprema  za  nastavu,  svojih 
i tudih). 

Ne  moze  da  ima  fiksnu,  uniformnu  strukturu 

(to  ne  znaci  da  ne  treba  da  ima  neke  osnovne 
podatke  o nastavnom  sadrzaju,  ciljevima,  uzrastu 
i td.)  vec  vrlo  razlicite  strukture  scenarija  zavisno 
od  autorove  ideje.  Ova  karakteristika  proistice 
iz  cinjenice  da  se  isto  gradivo  moze  uciti  na  vise 
razlicitih  nacina. 

Dominira  predavacka  uloga  nas- 
tavnika  i,  delom,  organizatorska. 

Dominiraju:  organizatorska  (reziserska,  diza- 
jnerska),  motivaciona  uloga  ucitelja,  uloga 

ucitelja  kao  partnera  u pedagoskoj  interakdji. 

Tabela  1.  Razlika  izmedu  pisane  pripreme  za  cas  i scenarija  za  AUN  nastavu. 

Razlike  su  jasne  i dovoljno  velike  da  mozemo  reci  da  one  nisu  tehnicke  prirode 
vec  da  se  kroz  njih  prakticno  vidi  sustina  razlicitih  shvatanja  prirode  nastavnih 
procesa.  Dakle,  dok  je  kod  klasicne  pripreme  za  cas  naglasak  na  skolskim  pro- 
gramima  i ulozi  predavaca  (procesu  poducavanja) , kod  scenarija  je  naglasak  na  pro- 
cesu  ucenja  u pedagoski  precizno  defmisanim  uslovima  i na  ishodima  tog  procesa. 

Pre  pocetka  pisanja  svakog  konkretnog  scenarija  za  cas  matematike,  c moraju 
imati  u vidu  sve  specificne  okolnosti  pod  kojima  se  on  izvodi: 

— specificni  ciljevi  odredene  teme  gradiva; 

— specificnost  prirode  nastavnog  sadrzaja; 

— specifican  odabir  metoda  nastave/ucenja  koji  moraju  biti  usaglaseni  sa 
planiranim  ciljevima  s jedne,  i prirodom  konkretnih  sadrzaja  koji  se  izucavaju 
s druge  strane; 
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— konkretne  okolnosti  u kojima  se  odvija  proces  ucenja; 

— povezanost  sa  drugim  matematickim  sadrzajima  koje  su  ucenici  usvojili; 

— nivo  predznanja  ucenika,  a u vezi  je  sa  specificnostima  drustvene  zajednice 
u kojoj  zive; 

— specificne  ideje  studenta  o tome  kako  da  se  izvede  nastava  u planiranim  i 
zamisljenim  okolnostima. 

Priprema  studenata  za  pisanje  scenarija  pozeljno  je  da  se  odvija  u dve  etape. 
Prvu  etapu  cini  izrada  idejne  skice  za  cas  koja  sadrzi  prve  ideje  o tome  kako  bi 
trebao  cas  da  izgleda  i ovo  predstavlja  prvi  susret  sa  idejama  studenata  o konkret- 
nom  casu.  Od  scenarija  se  razlikuje  po  stepenu  razradenosti  ideja  i zadataka  koji 
ce  se  obradivati.  Ona  treba  da  posluzi  studentu  kao  polazna  odrednica  za  diskusiju, 
razradu  i planiranje  samog  scenarija.  Nakon  dorade  i doterivanja  idejne  skice  do- 
bija  se  prva  razradenu  verziju.  U toj  verziji  vec  se  jasno  defmisu  osnovni  parametri 
planirane  nastave: 

— koji  i koliki  deo  gradiva  se  obraduje,  sta  cini  nastavni  sadrzaj; 

— koji  ciljevi  se  zele  ostvariti;  koji  ciljevi  se  samim  casom  mogu  realizovati,  a 
koji  su  ciljevi  dugorocni; 

— koje  metode  ce  se  upotrebiti; 

— koji  deo  nastave  se  planira  (jedan  cas,  manje  ili  vise  od  jednog  casa); 

— koja  motivaciona  sredstva  ce  se  koristiti; 

— koja  je  osnovna  zamisao  nastavne  situacije  kojom  se  cvrsto  povezuju  cil- 
jevi, priroda  gradiva  i metode  i kojom  se  u velikoj  meri  garantuje  uvlacenje 
velikog  broja  ucenika  u relevantne  aktivnosti  koje  vode  ka  ostvarenju  obra- 
zovnih  efekata. 

Ovako  uradena  prva  verzija  scenarija  nije  i njen  konacni  oblik.  U izradi 
pripreme  obicno  se  posebna  paznja  obrati  na  jedan  njegov  segmet,  dok  neki  drugi 
segmenti  mogu,  iako  znacajni,  ostati  u njegovoj  senci.  Dakle,  osnovni  problem, 
kako  klasicnih  priprema  tako  i scenarija,  predstavlja  neadekvatan  uvid  u celovitost 
pripreme,  odnosno  scenarija  za  jednu  nastavnu  celinu  koja  se  obraduje.  Iz  tog  ra- 
zloga  autorski  tim  AUN-a  osmislio  je  i autorizovao  psiholosko-didakticki  postupak 
ocene  pisanog  scenarija  pod  nazivom  konstruktivna  kriticka  analiza  scenarija,  a 
koja  je  primenljiva  i na  klasicne  pisane  pripreme  za  nastavni  cas. 

Rad  na  kritickoj  konstruktivnoj  analizi  scenarija  je  finalni  kontakt  sa  studen- 
tom  pre  izvodenja  casa.  Ona  pocinje  odredivanjem  osnovnih  ciljeva  casa  koji  mogu 
biti  kratkorocni  (vezani  za  taj  cas)  ili  dugorocni.  Oznacimo  ih  redom  sa  Ai,  A2, 
A3  ...,  A„.  Posmatrano  iz  ugla  ucenika  i onoga  sto  oni  konkretno  rade,  svaki  cas 
mozemo  predstaviti  kao  listu  ucenickih  aktivnosti  i zadataka  koje  rade  i to  onim 
redom  kojim  se  javljaju  u scenariju  (oznacimo  ih  kao  acti,  act2,  act3  ...,  act^).  U 
tom  cilju  svaki  student  vrsi  formiranje  sledece  tabele  2 za  svoj  konkretni  scenario: 
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Ai 

A2 

A3 

Relevantnost  aktivnosti 

acti 

act2 

act3 

ClCtfYi 

Tabela  2.  Primer  tabele  za  konstruktivnu  kriticku  analizu. 


Za  svaku  od  aktivnosti  datih  u tabeli  studenti  odreduju  stepen  njene  relevant- 
nosti  u odnosu  naprirodu  i vrstu  svojih  sadrzaja  (najjednostavniji  oblik  oznacavanja 
je  sa  + i -).  Pored  toga  za  svaku  od  datih  aktivnosti  odreduju  i koji  od  osnovnih 
ciljeva  casa  se  njome  ostvaruju  (npr.  oznacavanjem  sa  + cilja  koji  se  njome 
ostvaruje). 

Noseca  ideja  casa  predstavlja  jasno  defmisanu  zamisao  sta  se  zeli  konkretnim 
nizom  aktivnosti  postici  i koje  promene  izazvati  u znanjima  i umenjima  ucenika. 
Jasan  uvid  u uspesnost  ove  ideje  na  ostvarivanje  planiranih  ciljeva  casa,  moze  se 
steci  kroz  analizu  aktivnosti  koje  kod  dece  izazivaju  planirane  nastavne  situacije,  a 
na  osnovu  podataka  koje  dobiju  kao  povratnu  informaciju  ovom  tabelom: 

— Ukoliko  je  u tabeli  dosta  aktivnosti  oznaceno  kao  ne  relevantne  potrebno  je 
zameniti  te  aktivnosti  novim  tako  da  se  celina  /ami  si  i casa  ne  promeni  ili  se 
vratiti  na  pravljenje  nove  skice  casa; 

— Ukoliko  neka  aktivnost  ne  ispunjava  niti  jedan  cilj  casa  takvu  aktivnost  je 
potrebno  prilagoditi  ciljevima  ili  je  zameniti  novom; 

— Ukoliko  u tabeli  neki  cilj  je  ispunjen  zanemarljivo  malim  brojem  aktivnosti 
potrebno  je  ili  osmisliti  nove  aktivnosti  u cilju  njegovog  ispunjenja  ili  ga 
izbaciti  sa  liste  planiranih  ciljeva  za  taj  cas. 

Osvrnimo  se  ukratko  i na  sam  nacin  pisanja  scenarija.  Naslov  svakog  scenar- 
ija  je  naziv  nastavne  jedinice  ili  jedinica  koje  se  njime  realizuju.  Scenario  pocinje 
opstim  podacima  o autoru  i samom  casu  (tip  casa,  planirani  ciljevi,  materijali 
potrebni  za  realizaciju),  nakon  cega  sledi  niz  koraka  kojima  se  opisuju  planirane 
aktivnosti.  Korak  u scenariju  je  sekvenca  koja  predstavlja  najmanju  smislenu  je- 
dinicu  samog  casa.  To  je  zapravo  deo  casa,  ali  deo  u kome  su  jos  uvek  prisutna 
i ocigledna  svojstva  casa  kao  celine.  Istrazivanja  pokazuju  da  ovakve  sekvence 
casa  imaju  najoptimalniji  nivo  opstosti.  Ukoliko  hi  se  u opisu  casa  koristili  sitniji 
segmenti,  na  primer,  pojedinacni  iskazi  ucenika  ili  opisi  svake  pojedinacne  spolja 
vidljive  aktivnosti,  izgubila  bi  se  smislenost  casa,  sto  hi  zahtevalo  dodatne  pos- 
tupke  da  bi  se  ti  segmenti  ponovo  povezali  i dali  smisao  casu.  Granice  koraka  u 
scenariju  se  prepoznaju  po  promeni  aktivnosti  ucenika.  Svaki  korak  se  opisuje  iz 
ugla  aktivnosti  ucenika,  osim  koraka  u kojima  glavnu  ulogu  ima  student,  ali  se  i 
tada  naglasava  sta  rade  ucenici  za  to  vreme  (da  li  samo  slusaju  ili  imaju  neki  za- 
datak).  Sam  nacin  pisanja  koraka  u scenariju  moze  da  varira.  Oni  mogu  biti  najpre 
samo  imenovani,  a tek  onda  detaljno  opisani,  mada  je  uobicajnije  da  se  u onom 
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trenutku  kada  se  i navode  u scenariju  i detaljno  opisu.  Instrukcije  u okviru  svakog 
koraka  mogu  bid  zadane  na  dva  nacina.  Jedan  je  u upravnom  govoru,  tj.  u onom 
obliku  kako  bi  na  samom  casu  trebalo  da  se  prezentuje  ucenicima,  dok  je  drugi  u 
obliku  zadavanja  kljucnog  cilja,  a predavacu  je  ostavljeno  da  samostalno  formulise 
instrukcije.  Analogno  je  i sa  zadacima  koje  ucenici  treba  da  urade.  Zadaci  mogu 
biti  precizno  defmisani,  zadati  u okviru  samog  koraka  ili  na  kraju  u vidu  priloga, 
a mogu  biti  zadati  i u vidu  sadrzaja  koji  treba  da  budu  zastupljeni  ali  sa  jasnim 
uputstvom  za  njihovo  sastavljanje. 

Studente  je  potrebno  osposobiti  da  racionalno  i nepristrasno  mogu  sagledati 
obrazovne  efekte  koje  su  postigli  na  casu  i da  na  pravi  nacin  urade  samoevaluaciju 
svog  casa.  Autorski  tim  AUN-a  osmislio  je  metodu  psiholosko-didakticke  analize 
odrzanog  casa  pod  nazivom  sekvencijalna  analiza  (u  daljem  tekstu  SA).  Jasno 
je  da  skoncentrisanost  studenta  na  svim  delovima  casa  ne  moze  biti  ista.  Zbog 
toga  se  preporucuje,  a u cilju  sveobuhvatnog  sagledavanja  svih  delova  casa,  video 
dokumentovanje  casa  za  koje  se  radi  SA. 

SA  se  sprovodi  tako  sto  se  najpre  rasclanjuje  odrzana  celovita  nastavna  ak- 
tivnost  na  sekvence  (sekvence  defmisemo  analogno  kao  kod  konstruktivne  kriticke 
analize).  U tom  cilju  moze  nam  posluziti  tabela  3. 


Redni  broj 
sekvence 

Ime  sekvence 

1 

2 

Tabela  3.  Nazivi  sekvence  na  odrzanoj  nastavnoj  aktivnosti. 

Nakon  toga  vrsi  se  analiza  svake  odredene  sekvence  ponaosob.  Analiza 
sekvence  se  vrsi  prema  sledecem  nizu  objektivnih  parametara:  aktivnosti  ucenika, 
intervencije  studenta;  relevantnost  aktivnosti  ucenika  u odnosu  na:  a)  funkciju  date 
sekvence;  b)  cilj  casa;  v)  prirodu  nastavnog  sadrzaja.  Za  analizu  svake  sekvence 
moze  se  koristiti  tabela  4: 


Naziv  sekvence 
Vreme  trajanja: min. 

Aktivnosti  ucenika 

Intervencije 

studenta 

Relevantnost  aktivnosti  u odnosu  na 

Broj  i vrsta 
aktivnosti 

Broj  aktivnih 
ucenika 

funkciju 

sekvence 

cilj  casa 

prirodu 

oblasti 

+ /- 

+ /- 

+ /- 

+ /- 

+ /- 

+ /- 

Tabela  4.  Prikaz  analize  sekvence. 
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Kod  aktivnosti  ucenika  u tabeli  navode  se  sve  one  aktivnosti  koje  su  bile 
zastupljene  u okviru  sekvence  i ako  su  se  ponavljale  broj  njihovih  ponavljanja.  In- 
tervencija  studenta  podrazumeva  navodenje  svih  aktivnosti  koje  je  imao,  bez  obzira 
da  li  se  odnose  na  direktnu  interakciju  sa  ucenicima  ili  na  samostalno  prezentovanje 
delova  sekvence.  Aktivnost  u okviru  sekvence  je  relevantna  (i  oznacavamo  je  sa  + 
u tabeli)  sa  aspekta: 

— funkcije  sekvence  ako  ispunjava  specificne  ciljeve  ostvarenja  sekvence; 

— cilja  casa  ako  predstavlja  aktivnost  kojom  se  ispunjava  predvideni  cilj  casa; 

— prirode  oblasti  ako  obuhvata  nastavne  sadrzaje,  procedure  i nacine  misljenja 
koji  su  specificni  za  nastavnu  oblast  na  koju  se  scenario  odnosi. 

Pored  kvalitativnog  aspekta,  SA  poseduje  i kvantitativni  aspekt  jer  u sebi 
sadrzi  broj  aktivnih  ucenika  u svakoj  sekvenci  (prosto  i tacno  prebrojavanje  svih 
ucenika  koji  su  bili  ukljuceni  u svaku  od  aktivnosti),  kao  i vremenski  okvir  trajanja 
svake  aktivnosti.  U zajednici,  kvalitativni  i kvantitativni  aspekti  cine  jedinstvenu 
funkcionalnu  celinu.  Na  osnovu  ova  dva  aspekta  mozemo  doneti  valjanu  ocenu 
didakticke  efikasnosti  svakog  segmenta  casa  i casa  u celini. 

Obaveza  ucitelja  je  uvuci  svakog  ucenika  u proces  usvajanja  znanja.  Najvazniji 
preduslov  u ovom  procesu  je  izbegnuti  pruzanje  gotovih,  cistih  i konciznih  novih 
znanja  u prvom  izlaganju  jer  takva  predavanja,  za  ucenike,  mogu  bid  dosadna  i 
veoma  cesto  zamaskirati  potrebu  samostalnog  ucenja  i nadogradnje  van  redovne 
nastave.  Upravo  zbog  toga  potrebno  je  i neophodno  da  se  jos  iz  baze  nastanka 
buducih  ucitelja  pocne  sa  njihovom  detaljnom  pripremom  za  buduci  poziv  sto  se 
sa  izlozenim  nacinom  primene  AUN-a  u dobroj  meri  i postize. 

U nastavku  dajemo  primer  jednog  scenarija  za  casove  aktivnog  ucenja 
CRTANJE  NORMALNIH  PRAVIH 


Razred:  III 
Tip  casa:  Obrada 
Trajanje:  45  minuta 
CILJEVI: 

1)  Ponavljanje  znanja  o pravom  uglu. 

2)  Usvajanje  tehnike  crtanja  normalnih  pravih. 

3)  Primena  stecenih  znanja  o crtanju  normalnih  pravih. 

4)  Osposobljavanje  za  logicko  rasudivanje  i zakljucivanje. 

MATERIJAL: 

* dva  skolska  lenjira  (jedan  trougaoni  lenjir  sa  pravim  uglom) 

* dva  lenjira  (jedan  trougaoni  lenjir  sa  pravim  uglom) 

* radni  list 

Napomena:  Scenario  je  napisan  za  izvodenje  diferencirane  nastave  sa  zadacima 
na  tri  nivoa  slozenosti. 
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TOK  CASA 

KORAK  1 . Obnavljanje  znanja  o pravom  uglu 

Ucitelj  izvodi  jednog  ucenika  koji  pomocu  pribora  na  tabli  crta  jedan  prav  ugao 
i daje  isnstrukciju  ostalim  ucenicima  da  i oni  samostalno  u svojim  sveskama  crtaju 
ono  sto  radi  ucenik  ispred  table.  Ucitelj  vodi  diskusiju  sa  ucenicima  i podstice 
ih  da  samostalno  odgovore  na  pitanja:  sta  dobijamo  ako  krake  ugla  produzimo 
preko  temena  pravog  ugla;  koliko  pravih  mogu  uociti  na  nacrtanoj  slid;  koliko 
Jos  Uglova,  pored  jednog  pravog,  mogu  da  uoce  izmedu  ove  dve  prave;  kakvi  su 
to  uglovi.  Uporedo  sa  odgovaranjem  na  postavljena  pitanja  neko  od  ucenika  upot- 
punjuje  zapocetu  sliku  na  tabli,  a ostali  u svojim  sveskama,  a u skladu  sa  pitanjima 
koje  ucitelj  postavlja. 

KORAK  2.  Usvajanje  tehnike  crtanja  normalnih  pravih 

Ucitelj  pokazuje  jos  jedanput  sliku  dve  normalne  prave  koje  su  na  tabli  i 
prislanja  prav  ugao  sa  trougaonog  lenjira  uz  prav  ugao  izmedu  normalnih  pravih. 
Ucitelj  ih  navodi  da  jos  jednom  ponove  da  kada  zelimo  da  vidimo  da  li  je  ugao 
prav  jednu  stranicu  lenjira  poklapamo  sa  jednim  krakom  ugla,  a drugu  stranicu  sa 
drugim  krakom. 

Ucitelj  brise  jednu  od  dve  nacrtane  prave  i navode  ucenike  da  zakljuce  kako  hi 
mogli  ponovo  da  nacrtamo  pravu  koja  je  normalna  na  pravu  koju  nismo  izbrisali. 

Kada  ucenici  zakljuce  nacin  crtanja  normalne  prave  ucitelj  ponavlja  jos  jedan- 
put postupak  crtanja  normalnih  pravih  koristeci  sledece  slike  koje  nakon  objasnja- 
vanja  lepi  na  vidno  mesto  u ucionici. 


Ucitelj  zadaje  svim  ucenicima  da  nacrtaju  jedan  par  normalnih  pravih  u svojim 
sveskama  ali  tako  da  se  prave  koje  crtaju  ne  poklapaju  sa  pravim  linijama  koje 
vec  imaju  u svojim  sveskama. 
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KORAK  3.  Crtanje  normalnih  pravih  sa  zadatim  uslovom 

Ucenici  rade  samostalno  zadatak  koji  im  zadaje  ucitelj.  Ucitelj  napominje  da 
ukoliko  imaju  problema  pri  izradi  mogu  zatraziti  pomoc  od  ucenika  koji  radi  isti 
zadatak.  Zavisno  od  nivoa  ucenici  rade  sledece  zadatke: 

Nivo  1 

Nacrtaj  pravu  a i na  njoj  tacku  A.  Nacrtaj  pravu  b koja  je  normalna  na  pravu  a 
i sadrzi  tacku  A. 

Nivo  2 i nivo  3 

Nacrtaj  pravu  a i van  nje  tacku  A.  Nacrtaj  pravu  b koja  je  normalna  na  pravu 
a i sadrzi  tacku  A. 

Nakon  samostalne  izrade  zadatka  ucitelj  govori  ucenicima  da  sa  drugom  koji 
je  radio  isti  zadatak  diskutuju  o tome  kako  su  uradili  zadatak  i da  jedni  drugima 
objasne  postupak  konstrukcije.  Nakon  ovoga  jedan  ucenik  prvog  i jedan  ucenik 
drugog  nivoa  rade  zadatak  na  tabli  (ne  istovremeno)  ponavljajuci  postupak  crtanja. 

KORAK  4.  Uvezbavanje  crtanja  normalnih  pravih 

Ucenici  dobijaju  od  ucitelja  papir  sa  zadacima  koji  rade  u paru  sa  jos  jednim 
ucenikom  istog  nivoa  (drug  iz  klupe).  Ucitelj  ih  upucuje  da  najpre  prodiskutuju  o 
zadacima  zajedno,  a zatim  da  samostalno,  svako  na  papiru  koji  je  dobio  ili  u svesci, 
urade  zadatke. 

Nivo  1 

Na  slici  je  data  mapa  piratskog  ostrva. 


Savremeni  pristupi  ucenja  matematike 
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Pirat  Ndzagumi  je  na  ostrvu  zakopao  blago.  Kada  se  vratio  kuci,  u drzavu 
Gernzi,  njegov  sin  Mbrljaru  je  nasao  mapu  na  cijoj  poledini  je  pisalo:  „Nacrtaj 
pravu  kroz  tacke  V i M.  Nacrtaj  pravu  koja  je  normalna  na  pravu  koju  si  vec  nacr- 
tao  i sadrzi  tacku  K.  Blago  je  u preseku  dve  prave  koje  si  nacrtao.“  Pomozi 
Ndzaguminom  sinu  Mbrljaru  da  pronade  blago. 

Nivo  2. 

1.  (Slika  ista  kao  u zadatku  za  nivo  1)  Pirat  Ndzagumi  je  na  ostrvu  zakopao 
blago.  Kada  se  vratio  kuci,  u drzavu  Gernzi,  njegov  sin  Mbrljaru  je  nasao  mapu  na 
cijoj  poledini  je  pisalo:  ,,Nacrtao  sam  pravu  kroz  tacke  V i M.  Onda  sam  nacrtao 
pravu  koja  je  normalna  na  nju  i koja  sadrzi  tacku  K.  Blago  je  u preseku  ovih 
pravih.“  Pomozi  Ndzaguminom  sinu  Mbrljaru  da  pronade  blago. 

2.  Nacrtaj  dve  tacke  A i V.  Nacrtaj  pravu  a koja  prolazi  kroz  tacke  A i V. 
Nacrtaj  dve  prave  b i c koje  su  normalne  na  pravu  a tako  da  jedna  prolazi  kroz  tacku 
A,  a druga  kroz  tacku  V. 

Nivo  3 

1.  (Slika  ista  kao  u zadatku  za  nivo  1)  Pirat  Ndzagumi  je  na  ostrvu  zakopao 
blago.  Kada  se  vratio  kuci,  u drzavu  Gernzi,  njegov  sin  Mbrljaru  je  nasao  mapu 
na  cijoj  poledini  je  pisalo:  „Krenuo  sam  iz  podnozja  Vulkanskih  planina  (koje 
sam  na  karti  oznacio  tackom  V)  i isao  samo  pravo  do  majmunskog  igralista  (koje 
sam  na  karti  oznacio  tackom  M).  Moj  papagaj  Kukutiru  je  ostao  u satoru  gde  smo 
spavali  (sator  sam  oznacio  sa  K na  karti)  ali  je  posle  nekog  vremena  krenuo  da  me 
trazi.  Isao  je  po  pravoj  liniji  koja  je  normalna  na  put  kojim  sam  ja  isao.  Blago  sam 
sakrio  tamo  gde  su  se  putevi  kojima  smo  isli  presekli.“  Pomozi  Ndzaguminom  sinu 
Mbrljaru  da  pronade  blago. 

2.  Nacrtaj  dve  prave  aibu  svesci  i jednu  tacku  A koja  nije  ni  na  pravoj  a ni  na 
pravoj Nacrtaj  dve  prave  tako  da  je  jedna  normalna  na  pravu  a,  a druga  na  pravu 
b,  a obe  prolaze  kroz  tacku  A. 

KORAK  5.  Kolektivna  provera  zadataka 

Ucitelj  poziva  da  se  svi  ucenici  koji  su  radili  zadatak  istog  nivoa  okupe  oko 
jednog  stola  i da  zajedno  prodiskutuju  o postupku  resavanja  i nacinima  izrade 
zadatka. 

KORAK  6.  Zadavanje  domaceg  zadatka 

Ucitelj  saopstava  ucenicima  da  za  domaci  zadatak  imaju  da  svako  nacrta  mapu 
jednog  ostrva  i da  osmisle  zadatak  slican  onom  koji  su  radili  na  casu  gde  ce  za- 
kopano  blago  traziti  tako  sto  ce  na  neki  nacin  crtati  normalne  prave. 
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Sazetak.  Priprema  studenata  za  buduce  nastavnicko  zanimanje 
slozen  je  i tezak  zadatak.  Ta  priprema  ukljucuje  tri  komponente: 
matematicko  znanje,  didaktiku  nastave  matematike  i psihologiju  ucenja 
(Hodgson,  2001).  Matematicko  znanje  poznato  je  kao  jedna  od 
kljucnih  osobina  nastavnika  matematike,  stoga  su  i mnoge  studije 
istrazivale  matematicko  znanje  nastavnika  matematike  i buducih  nas- 
tavnika matematike,  otkrivajuci  brojne  nedostatke  (Ponte  & Chapman, 
2010).  Mnoge  od  tih  studija  hile  su  motivirane  Kleinovom  paradig- 
mom “Doppelte Diskontinuitat”  (dvostruki prekid).  Godine  1924. Felix 
Klein  (2004ab)  koristi  izraz  “Doppelte  Diskontinuitat”  kako  bi  opisao 
dva  jaza  u obrazovanju  nastavnika  matematike.  Klein  je  bio  motiviran 
jazom  izmedu  skolske  i sveucilisne  matematike:  prvo,  visokoskolska 
matematika  ima  vrlo  malo  dodirnih  tocaka  sa  srednjoskolskom  i os- 
novnoskolskom  matematikom;  drugo  diplomirani  studenti  koji  su  se 
vracali  u skole,  u svojoj  praksi  koristili  su  vrlo  malo  onoga  sto  su 
iskusili  tijekom  svog  studiranja.  Proslo  je  gotovo  stoljece  od  trenutka 
kada  je  Klein  fomulirao  svoju  paradigmu,  a dvostruki  prekid  i dalje 
postoji  (Barton,  2008). 

U ovom  radu  cemo  izlozit  rezultate  ankete  provedene  medu 
buducim  nastavnicima  matematike  koji  su  odgovarali  na  pitanja  iz 
osnovnoskolske  matematike.  Istrazivanje  je  bilo  motivirano  sljedecim 
pitanjima:  Sto  ocekujemo  da  nasi  studenti  matematike  znaju  iz  os- 
novnoskolske matematike?  Sto  podrazumijevamo  pod  “znati”? 

Kljucne  rijeci:  buduci  nastavnici  matematike,  matematicko  znanje 


Uvod 

Priprema  studenata  za  buduce  nastavnicko  zanimanje  slozen  je  i tezak  pos- 
tupak.  Osnovne  komponente  ovog  iznimno  vaznog  pripremnog  razdoblja  su 
matematicko  znanje,  didaktika  nastave  matematike  i psihologija  ucenja  (Hodg- 
son, 2001).  Matematicko  znanje  se  istice  kao  jedna  od  kljucnih  osobina  nas- 
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tavnika  matematike,  stoga  su  i mnoge  studije  istrazivale  matematicko  znanje  nas- 
tavnika  matematike  i studenata  nastavnickog  studija  matematike,  otkrivajuci  bro- 
jne  nedostatke  (Ponte  & Chapman,  2010).  Mnoge  od  tih  studija  bile  su  motivi- 
rane  Kleinovom  paradigmom  poznatom  pod  nazivom  “Doppelte  Diskontinuitat” 
(dvostruki  prekid).  Godine  1924.  Felix  Klein  koristi  izraz  “Doppelte  Diskon- 
tinuitat” kako  bi  opisao  dva  jaza  u obrazovanju  nastavnika  matematike:  prvo, 
visokoskolska  matematika  ima  vrlo  malo  dodirnih  tocaka  sa  srednjoskolskom  i os- 
novnoskolskom  matematikom;  drugo,  diplomirani  studenti  koji  se  vracaju  u skole 
u svojoj  praksi  koriste  vrlo  malo  znanja  prikupljenog  tijekom  studiranja.  Proslo  je 
gotovo  stoljece  od  trenutka  kada  je  Klein  fomulirao  svoju  paradigmu,  a dvostruki 
prekid  je  i dalje  prisutan  (Barton,  2008).  Studije  i dalje  svjedoce  o postojanju 
,,zacaranog  kruga“:  buduci  nastavniei  upisuju  se  na  sveucilisne  studije  bez  do- 
voljnog  razumijevanja  skolske  matematike,  tijekom  studija  vrlo  malo  su  u doticaju 
s matematikom  koju  ce  poucavati  i gotovo  nepripremljeni  ulaze  u ucionice  kako  bi 
obrazovali  nove  generacije  (e.g.  Chiek,  2004;  Ponte  & Chapman,  2008). 


Teoretski  okvir 

Mnoge  studije  pokazale  su  kako  je  matematicko  znanje  nastavnika  neadek- 
vatno,  pogotovo  kada  promatramo  sto  nastavniei  znaju  i kako  zadrzavaju  znanje  o 
matematickim  konceptima  i procesima  (Ponte  i Chapman,  2008) . Pokazalo  se  kako 
nastavniei  ne  posjeduju  duboko,  temeljito  i siroko  znanje  sadrzaja  koje  poducavaju. 
Steinberg  i sur.  (1985)  uocavaju  kako  se  nastavnici-pripravnici  u srednjim  skolama, 
u situacijama  kada  ne  znaju  matematicki  sadrzaj  koji  bi  trebali  predavati,  koriste 
raznim  strategijama  koje  najcesce  ukljucuju  oslanjanje  na  udzbenike  kao  prigodan 
izvor  informacija.  Pristup  skolskoj  matematici  cesto  je  karakteriziran  stavom  da 
srednjoskolski  nastavniei  vec  znaju  matematiku  koju  trebaju  poducavati,  a nas- 
tavnici  u osnovnoj  skoli  trebaju  vrlo  malo  matematickog  znanja  (Rowland,  2006). 
No,  pokazatelji  iz  Velike  Britanije,  Sjedinjenih  Americkih  Drzava,  Australije  i bro- 
jnih  zemalja  opovrgavaju  oba  dijela  te  izjave  (npr.  Alexander  i sur.  1992;.  Ma, 
1999,  Chick,  2002). 

Schulman  (1981)  prepoznaje  sedamkategorija  znanja  koje  posjeduje  nastavnik 
(ucitelj):  predmetno  znanje,  pedagosko-predmetno  znanje,  znanje  o tome  kako 
ucenici  razmisljaju,  kurikularno  znanje,  opce  pedagosko  znanje,  znanje  o obra- 
zovnim  kontekstima  i znanje  o odgojno-obrazovnim  ciljevima  i vrijednostima.  Tri 
od  navedenih  kategorija  su  eksplicitno  usredotocene  na  poznavanje  sadrzaja  pred- 
meta  koji  nastavnik  poducava:  predmetno  znanje,  pedagosko-predmetno  znanje  i 
kurikularno  znanje.  Predmetno  znanje  je  znanje  o sadrzaju  discipline  (Shulman, 
1986,  str  9.),  koje  se  sastoji  od  kljucnih  cinjenica,  pojmova,  nacela  i objasnjenja 
u okvirima  discipline.  Kurikularno  znanje  ukljucuje  opseg  i redoslijed  nastavnik 
programa  i materijala  koji  se  u njima  koriste.  Pedagosko-predmetno  znanje  je 
vezano  uz  upotrebu  predmetnog  znanja  u nastavi,  sto  podrazumijeva  poznavanje 
nacina  objasnjavanja  i predstavljanja  koncepata. 

Rowland  (2006)  je  proucavao  predmetno  znanje  studenata  uciteljskih  studija 
u Velikoj  Britaniji,  s naglaskom  na  povezanost  tog  znanja  s izvodenjem  nastave  u 
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razredu.  Pokazalo  se  da  je  ucinkovito  poducavanje  bilo  povezano  s cvrstim  pred- 
metnim  znanjem,  te  da  su  mnogi  studenti  imali  znacajnih  problema  s generalizaci- 
jom  i dokazima.  Wilson  i sur.  (2009)  usporedivali  su  matematicko  znanje  buducih 
nastavnika  matematike  i nastavnika  u sluzbi,  te  otkrili  znacajne  razlike  u detaljima, 
vokabularu  i dubini  objasnjenja,  medutim  kvaliteta  znanja  o matematickim  poj- 
movima  bila  je  slicna.  Southwell  i Penglase  (2005)  utvrdili  su  brojne  nedostatke 
u matematickom  znanju  buducih  nastavnika  matematike,  koji  su  se  odnosili  na 
operacije  s razlomcima,  na  mnozenje  decimalnih  razlomaka  te  na  mjerenje.  Chick 
(2004)  je  u svojem  radu  opisala  poteskoce  koje  su  imali  buduci  nastavnici  kad  su 
trebali  objasniti  istovjetnost  3/8  i 37,5%,  te  obrazloziti  postupak  dodavanja  nule 
cijelom  broju  pri  mnozenju  s 10.  Kada  su  ispitivali  znanje  buducih  srednjoskolskih 
nastavnika,  Wilburne  i Long  (2010)  pronasli  su  znacajne  manjkavosti  u podrucjima 
kao  sto  su  analiza  podataka,  algebra  i u osnovama  matematicke  analize. 

lako  su  posljednih  desetljeca  provedena  brojna  istrazivanja  na  temu  pred- 
metnog  i pedagosko-predmetnog  znanja  buducih  nastavnika  i nastavnika  iz  prakse, 
jos  uvijek  postoje  mnoga  otvorena  pitanja  koja  zahtijevaju  daljnja  istrazivanja 
(Chick,  2003).  Vodeni  ovom  problematikom,  ispitali  smo  znanje  studenata  matem- 
atike s posebnim  osvrtom  na  osnovnoskolsku  matematiku.  Ovo  istrazivanje  je  mo- 
tivirano  sljedecim  pitanjima:  Koja  znanja  iz  osnovnoskolske  matematike  oceku- 
jemo  da  nasi  studenti  matematike  posjeduju?  Sto  podrazumijevamo  pod  pojmom 
“znati”? 


Metodologija 

Dvije  grupe  studenata  matematike  sudjelovale  su  u ovom  istrazivanju.  Prva 
skupina  sastojala  se  od  studenata  prve  godine  koji  su  se  upisali  na  sveucilisni 
petogodisnji  studij  matematike,  s namjerom  da  postanu  nastavnici  matematike 
za  osnovnu  ili  srednju  skolu.  Druga  grupa  studenata  sastojala  se  od  studenata 
cetvrte  godine  koji  su  studirali  visokoskolsku  matematiku  te  se  nakon  trece  go- 
dine opredijelili  za  nastavnicko  zanimanje.  Nas  uzorak  sastoji  se  od  71  stu- 
denta:  40  studenata  prve  godine  i 31  studenta  cetvrte  godine.  Sudjelovanje  u 
istrazivanju  je  bilo  dobrovoljno,  pa  su  neki  studenti  odbili  odgovoriti  na  dana  pi- 
tanja. Ti  studenti  nisu  ukljuceni  u uzoracki  broj.  Isti  upitnik  je  primijenjen  na 
obje  skupine  ispitanika  na  pocetku  akademske  godine  2010./2011.,  za  vrijeme 
predavanja  nekog  matematickog  kolegija.  Takoder,  vrijeme  za  ispunjavanje  upit- 
nika  nije  bilo  ograniceno.  Upitnik  se  sastojao  od  deset  pitanja  koja  su  obuhvacala 
osnovnoskolsku  matematiku,  u rasponu  od  petog  do  osmog  razreda.  Pitanja  su 
kreirana  tako  da  se  utvrdi  posjeduju  li  studenti  potrebna  matematicka  znanja  o 
temama  koje  ce  poducavati  u svom  nastavnickom  radu.  U nekim  pitanjima  studenti 
su  zamoljeni  da  objasne  odredene  matematicke  pojmove,  a neka  pitanja  zahtjevala 
su  rjesenje  matematickog  problema.  Odgovori  su  svrstani  u kategorije  po  broju 
izrazito  razlicitih  objasnjenja/rjesenja  te  ovisno  o tome  jesu  li  objasnjenja/rjesenja 
ispravna.  Ovdje,  radi  nedostatka  prostora,  necemo  proucavati  sve  kategorije  za 
svako  pojedino  pitanje,  ali  cemo  prouciti  posebno  zanimljive  rezultate  koji  su  se 
pojavili  medu  odgovorima  studenata.  Sva  pitanja  se  mogu  naci  u dodatku. 
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Rezultati  i diskusija 

Rezultati  provedenog  istrazivanja  pokazuju  kako  na  niti  jedno  od  ponudenih 
pitanja  niti  jedna  skupina  ispitanih  studenata  nije  u potpunosti  tocno  odgovorila. 
Stovise,  nitko  od  ispitanika  nije  tocno  rijesio  zadatak  broj  7.  Takoder  je  primjetan  i 
vrlo  mali  udio  tocnih  odgovora  i na  druga  pitanja,  posebno  na  peto  i sesto.  Zadaci 
s najvecim  brojem  tocnih  odgovora  bili  su  4.b  i 6.b.  Broj  tocnih  odgovora  za  ostala 
pitanja  moze  sc  vidjeti  u sljedecoj  tablici. 


Pitanja 

Prva  godina 
N = 40 

Cetvrta  godina 
N = 31 

Zadatak  1. 

10 

7 

Zadatak  2. 

25 

17 

Zadatak  3. 

to 

1 

Zadatak  4.  a 

23 

25 

Zadatak  4.b 

28 

22 

Zadatak  5. 

3 

2 

Zadatak  6. a 

7 

5 

Zadatak  6.b 

25 

25 

Zadatak  7. 

0 

0 

Zadatak  8. 

17 

15 

Zadatak  9. 

3 

4 

Zadatak  10. 

21 

15 

Tablica  1.  Broj  tocnih  odgovora  dviju  grupa  studenata. 

Kako  smo  vec  i naglasili,  nije  nam  namjera  diskutirati  zasebno  rezultate 
postignute  na  svakom  od  postignutih  pitanja,  vec  sc  orjentirati  na  najinteresan- 
tije  rezultate  i zakljucke  provedenog  ispitivanja. 

Zadatak  1.  U prvom  zadatku  se  od  studenata  trazilo  da  pojasne  postupak 
odredivanja  najveceg  zajednickog  djelitelja  dvaju  ili  vise  prirodnih  brojeva.  Samo 
cetvrtina  ispitanih  studenata  ponudila  je  tocan  odgovor  (Tablica  2).  Kljucni  ter- 
mini poput  prostih  djelitelja  u studentskim  pojasnjenjima  su  se  pojavljivali  izuzetno 
rijetko.  Neki  od  ispitanika  su  korektno  proveli  metodu  odredivanja  najveceg  za- 
jednickog djelitelja  na  konkretnom  primjeru,  no  bez  dodatnog  pojasnjenja  te  su 
njihovi  odgovori  klasificirani  kao  netocni.  Istaknimo  kako  se  neocekivani  ishod 
ovdje  istice  u broju  studenata  koji  su  ponudili  potpuno  besmislen  odgovor  navodeci 
kako  se  najveci  zajednicki  djelitelj  dobiva  mnozenjem  danih  prirodnih  brojeva. 


Kategorije 

Prva  godina 
N = 40 

Cetvrta  godina 
N=31 

Tocan  odgovor 

10 

7 

Bez  odgovora 

14 

9 

Besmislen  odgovor 

12 

11 

Naveden  primjer  bez  pojasnjenja 

4 

4 

Tablica  2.  Kategorije  studentskih  odgovora  na  Zadatak  1. 
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Zadatak  5,  Obje  grupe  ispitanika  su  imale  velikih  poteskoca  kada  se  od 
njih  trazilo  da  pojasne  na  koji  nacin  se  zbrajaju  cijeli  brojevi,  sto  se  moze  vid- 
jeti  iz  Tablice  3.  Posebno  je  zapanjujuce  kako  cak  trecina  studenata  prve  i trecina 
studenata  cetvrte  godine  studija  nije  niti  pokusala  odgovoriti  na  postavljeno  pitanje. 


Kategorije 

Prva  godina 
N = 40 

Cetvrta  godina 
N=31 

Tocan  odgovor 

3 

2 

Bez  odgovora 

13 

11 

Netocan  odgovor  u slucaju  brojeva 
razlicitog  predznaka 

6 

4 

Besmislen  odgovor 

4 

14 

Naveden  primjer  bez  pojasnjenja 

4 

0 

Tablica  3.  Kategorije  studentskih  odgovora  na  Zadatak  5. 

Napomenimo  kako  su  studenti  u pojasnjenjima  rijetko  koristili  koncept  oduz- 
imanja  manje  apsolutne  vrijednosti  od  vece.  Odgovori  studenata  koji  su  postupak 
zbrajanja  cijelih  brojeva  pojasnjavali  na  primjerima  smatrani  su  netocnima,  jer  je  u 
zadatku  od  njih  zatrazeno  da  taj  postupak  opisu  rijecima,  tj.  da  pojasne  o kakvom 
je  racunu  zaista  formalno  rijec.  Sve  u svemu,  namece  se  zakljucak  kako  je  studen- 
tima  bio  problem  pronaci  odgovarajuci  nacin  kako  opisati  sam  racunski  postupak. 
Ishod  ovog  zadatka  ne  implicira  da  studenti  nisu  u stanju  zbrajati  cijele  brojeve,  ali 
pokazuju  jasan  nedostatak  formalnog  matematickog  izrazavanja  i konceptualnog 
razumijevanja  odgovarajuceg  postupka.  Slicni  rezultati  se  pojavljuju  i u radovima 
Thompson  i Thompson  (1996)  te  Chick  (2003),  u kojima  su  ispitani  buduci  nas- 
tavnici  u Sjedinjenim  Americkim  Drzavama  te  u Australiji.  Stoga  rezultati  ovog 
istrazivanja  nisu  izoliran  slucaj  edukacije  u Hrvatskoj,  vec  idu  ruku  pod  ruku  s 
globalnim  problemom  u edukaciji  buducih  nastavnika. 

Jos  jedan  ociti  problem  s kojim  se  susrecemo  lezi  u razumijevanju  matematickih 
izraza.  lako  se  matematicki  jezik  smatra  univerzalnim  jezikom,  pretpostavka  da 
ce  studenti  koji  se  svakodnevno  susrecu  s matematickim  pojmovima  i izrazima 
moci  razumjeti  terminologiju  i sintaksu  danog  problema  pokazuje  se  netocnom. 
Postoje  brojna  istrazivanja  koja  opovrgavaju  ovu  pretpostavku  (npr.  Chick,  2001; 
Southwell  i Penglase,  2005).  U ovom  istrazivanju  navedeni  se  problem  moze  jasno 
vidjeti  pri  odgovorima  na  zadatak  6. a,  gdje  su  studenti  racunali  tocan  broj  ucenika 
koji  igra  nogomet,  iako  se  od  njih  trazilo  da  odrede  udio  koji  ti  ucenici  cine  obzirom 
na  ukupan  broj  ucenika.  Slicno  tome,  u zadatku  7.  su  brojni  studenti  samo  naveli 
vrste  cetverokuta  koje  poznaju,  bez  pokusaja  da  ih  dodatno  klasificiraju. 

Pogreske  u racunanju  proporcionalnosti  mogu  se  vidjeti  u zadatku  9.  Studenti 
su  primijenili  algoritamski  postupak  za  racunanje  s razmjerima  bez  zdravorazum- 
skog  razmisljanja  o postavkama  tog  algoritma.  Slicni  slucajevi  u kojima  ispitanici 
algoritamski  racunaju  razmjere  bez  prethodnog  promisljanja  o danom  problem  se 
mogu  naci  u radovima  Cramer  i sur.  (1993)  i Lim  (2008).  Rezultati  zadatka  9. 
precizno  oslikavaju  i ukupne  rezultate  provedenog  istrazivanja.  Studenti  tijekom 
rjesavanja  danih  zadataka  izrazito  teze  racunanju,  sto  pokazuje  snaznu  proceduralnu 
orjentiranost  u rjesavanju  matematickih  problema,  pri  cemu  studenti  povezuju  svoje 
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matematicko  znanje  iskljucivo  s racunskim  postupcima.  Ovaj  problem  je  primjetan 
vec  i u zadacima  1.  i 5.  u kojima  se  trazilo  pojasnjenje  rijecima.  Proceduralno  znanje 
se  istice  takoder  i u zadatku  8.,  gdje  su  studenti  uglavnom  dobili  netocna  rjesenja. 
Studenti  su  postavili  sustav  jednadzbi,  odredili  brojeve  koji  bi  trebali  predstavl- 
jati  bratove  i sestrine  godine,  no  propustili  su  provjeriti  zadovoljavaju  li  dobivena 
rjesenja  uvjete  zadatka.  Prema  Davis  i McGowen  (2001),  ovakav  tip  strogo  pro- 
ceduralne  orjentiranosti  u matematici  zahtjeva  znacajnu  prebacivanja  tezista  na 
konceptualizaeiju  matematike  kao  discipline  bogate  odnosima,  a ne  discipline  koja 
se  sastoji  samo  od  formula  te  tocnih  ili  netocnih  odgovora. 

Rezultati  provedenog  istrazivanja  jasno  pokazuju  kako  su  studenti  zaboravili 
znatan  dio  osnovnoskolske  matematike  (Tablica  1).  Naravno,  prirodno  je  zapi- 
tati  se  je  li  pravedno  postaviti  takvu  tvrdnju,  jer  su  u istrazivanje  bile  ukljucene 
dvije  skupine  studenata  razlicitih  predznanja.  No,  studenti  prve  godine  su  po- 
lagali  drzavnu  mature,  pri  cemu  se  od  njih  zahtjevala  visa  razina  kako  bi  mogli 
upisati  studij  matematike.  S druge  strane,  studenti  cetvrte  godine  su  barem  tri 
prethodne  godine  proved  na  studiju  matematike,  sto  dovoljno  govori  samo  za  sebe. 
Prema  tome,  za  ocekivati  je  da  obje  grupe  ispitanika  posjeduju  znanje  potrebno  za 
rjesavanje  svih  postavljenih  zadataka  ili  barem  vecine  njih.  Ipak,  usporedimo  li 
rezultate  provedenog  istrazivanja  s rezultatima  novijih  istrazivanja  slicne  tematike, 
ispostavlja  se  da  su  oni  daleko  od  iznenadujucih  (npr.  Southwell  i Penglase,  2005; 
Wilburne  i Long,  2010). 


Zakijucak 

Postoje  znacajni  pokazatelji  da  zavrsetak  studija  matematike  nije  dovoljan  za 
razvoj  matematickih  znanja  koja  su  potrebna  za  poducavanje  matematike  (Monk, 
1994).  U posljednjem  desetljecu  pojavile  su  se  mnoge  studije  koje  su  proucavale 
matematicko  znanje  buducih  nastavnika  i koje  su  istaknule  da  je  bez  dobrog 
matematickog  znanja,  pedagosko  znanje  od  male  koristi  (npr.  Davis  i McGowen, 
2001,  Chick,  2001;  Southwell  i Penglase,  2005).  Te  studije  takoder  ukazuju  na 
potrebu  za  izradom  matematickih  obrazovnih  programa  koji  ce  povezati  sveucilisne 
matematicke  kolegije,  kolegije  vezane  uz  metodiku  nastave  matematike  za  os- 
novnu  i srednju  skolu,  te  skolske  matematicke  sadrzaje  kroz  citav  kurikulum. 
Ti  kolegiji  pripremili  bi  buduce  nastavnike  za  poducavanje  skolske  matematike; 
kolegiji  bi  posebnu  paznju  posvetili  temeljnim  matematickim  pojmovima,  pomogli 
bi  buducim  nastavnicima  da  svladaju  procedure  i koncepte,  te  bi  im  omogucili  da 
razviju  sposobnost  izrazavanja. 

Na  Odjelu  za  matematiku  Sveucilista  u Osijeku,  skolska  matematika  ponavlja 
se  u okviru  kolegija  Metodika  nastave  matematike  1 kroz  nekoliko  kolokvija.  Neka 
pitanja  iz  upitnika pojavila  su  se  u prvom kolokviju,  sto  nam  je  omogucilo  usporedbu 
rezultata  iz  upitnika  i kolokvija.  Rezultati  su  se  znacajno  poboljsali  za  sva  pitanja 
osim  6. a,  gdje  su  studenti  jos  uvijek  izracunavali  eksplicitan  broj  ucenika  koji  su 
igrali  nogomet.  Medutim,  kolicina  vremena  povecena  skolskoj  matematici  jos  uvi- 
jek je  nedovoljna,  pogotovo  sto  ocekujemo  da  studenti  samostalno  ponove  gradivo 
skolske  matematike  za  kolokvije.  Stoga  podrzavamo  ideju  kolegija  posvecenog 
samo  skolskoj  matematici,  koji  bi  ponovio  “zaboravljene”  matematicke  pojmove  i 
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angazirao  studenate  u drugacijem  kontekstu;  ne  vise  u kontekstu  gdje  su  oni  ucenici 
vec  nastavnici. 


Dodatak 


1.  Objasnite  postupak  odredivanja  najveceg  zajednickog  djelitelja  dva  ili  vise 
brojeva. 

2.  Cetiri  jedrenjaka  susrecu  se  na  Otoku  vode.  Prvi  dolazi  svakih  16  dana, 
drugi  svakih  8 dana,  treci  svakih  12  dana  a cetvrti  svakih  6 dana.  Kada  ce 
se  jedrenjaci  ponovno  susresti? 

3.  Nacrtajte  sve  osi  simetrije  sljedecih  likova:  pravokutnik,  kvadrat,  romb, 
jednakokracni  trokut  i jednakostranicni  trokut. 

4.  Razlomkom  izrazi  dio  lika  koji  je  obojen: 


2 2 2 


5.  Objasnite  kako  se  zbrajaju  cijeli  brojevi. 

6.  Dvije  petine  ucenika  neke-skole  bavi  se  sportom.  Od  tih  koji  se  have  sportom 
njih  tri  sedmine  igraju  nogomet. 

a)  Koliki  dio  ucenika  te  skole  igra  nogomet? 

b)  Ako  u skoli  ima  805  ucenika,  koliko  njih  se  bavi  sportom? 

7.  Kako  dijelimo  cetverokute  s obzirom  na  paralelnost  njihovih  stranica? 

8.  Sestra  je  starija  8 godina  od  brata.  Za  5 godina  bit  ce  dvostruko  starija. 
Koliko  godina  ima  sestra,  a koliko  brat? 

9.  42  radnika  mogu  podici  nasip  za  25  dana.  Nakon  5 dana  s posla  je  izostalo 
7 radnika.  Za  koliko  ce  dana  nasip  biti  podignut? 

10.  Ako  je  a realan  broj,  cemu  je  jednak  \/^? 
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Sazetak.  Zahtjevi  za  novim  pristupima  ucenju  i obrazovanju 
ucitelja  matematike  postaju  sve  jaci.  Sve  se  vise  govori  o razlicitim 
pristupima  reprezentaciji  znanja,  a zatim  i ocjenjivanju  i evaluaciji 
u procesima  ucenja  i nastave  matematike.  Konceptualne  mape, 
mentalne  mape,  mape  znanja  kao  i drug!  slicni  pristupi  daju  dobm 
osnovu  za  svrhovito  i trajno  ucenje  kako  ucitelja  tako  1 ucenika  s ciljem 
poboljsanja  znanja  vjestlna  i sposobnosti. 

U ovom  se  radu  raspravlja  o utjecaju,  strategijl  i trendovlma 
upotrebe  konceptualnlh  mapa  u obrazovanju. 

Kljucne  rijeci:  konceptualne  mape,  mentalne  mape,  mape  znanja, 
obrazovanje 


Uvod 

U matematickoj  literaturi  cesto  se  navode  nacela  matematickog  obrazovanja: 
(Gollub,  J.  R,  Bertenthal,  M.  W.,  Labov,  J.  B.  and  Curtis,  P.  C.,  Editors  (2002), 
Learning  and  Understanding:  Improving  Advanced  Study  of  Mathematics  and  Sci- 
ence in  U.S.  High  Schools  National  Academies  Press).  To  je  7 nacela  za  ucenje  i 
razumijevanje: 

1.  Konceptualne  znanje 

Ucenje  s razumijevanjem  olaksano  je  kad  se  novo  i postojece  znanje  struk- 
turira  oko  glavnih  koncepata  i nacela  odredene  discipline. 

2.  Prethodno  znanje 

Ucenici  se  koriste  postojecim  znanjima  da  izgrade  novo  s razumijevanjem. 

3.  Metakognieija 

Ucenje  se  bitno  olaksava  koristenjem  metakognitivnih  strategija  koje  iden- 
tificiraju,  prate  i reguliraju  kognitivne  procese. 

4.  Razlike  izmedu  ucenika 

Ucenici  imaju  razlicite  strategije,  pristupe,  vrste  sposobnosti  i stilove  ucenja 
koji  su  funkeija  interakeija  izmedu  njihova  nasljeda  i prethodnog  iskustva. 
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5.  Motivacija 

Motivacija  ucenika  na  ucenje  i njegova  samosvijest  utjecu  na  ono  sto  ce  biti 
uceno,  koliko  ce  biti  uceno  i koliko  ce  se  napora  uloziti  u proces  ucenja. 

6.  Situirano  ucenje 

Cine  ga  praksa  i aktivnosti  u kojima  ucenici,  dok  uce,  oblikuju  ono  sto  je 
nauceno. 

7.  Zajednice  ucenja 

Ucenje  se  obogacuje  kroz  procese  socijalno  podrzanih  interakcija. 

Sva  ova  nacela,  a posebno  nacela  1.,  2.  i 4.  usko  su  povezana  s konceptualnim 
mapama  koje  se  opisuju  u nastavku  rada. 


Konceptualne  mape,  mentalne  mape,  mape  znanja 

Konceptualne  mape  (pojmovne  mape)  graficki  su  alati  za  organizaciju  i 
prezentiranje  znanja.  One  ukljucuju  pojmove  (obicno  uokvirene)  i veze  izmedu  po- 
jmova  koje  su  prikazane  crtama.  Rijeci  na  crti,  tzv.  povezujuce  rijeci  Hi povezujuce 
fraze,  odreduju  vezu  izmedu  dva  pojma.  Pojam  defmiramo  kao  osjetnu  pravilnost 
u dogadajima  i stvarima  ili  kao  evidenciju  dogadaja  ili  stvari,  imenovane  etiketom. 
Etiketa  za  vecinu  pojmova  jest  rijec,  iako  se  ponekad  koristimo  simbolima  kao  sto 
su  + ili  %,  a ponekad  rabimo  i vise  od  jedne  rijeci.  Propozicije  sadrze  dva  ili  vise 
pojma  povezana  povezujucom  rijeci  ili  frazom  tako  da  oblikuju  suvislu  tvrdnju. 
Slike  1.  i 2.  prikazuju  konceptualne  mape  koje  opisuju  strukturu  mape  i ilustriraju 
gore  navedene  karakteristike.  (Novak,  J.  D.  & A.  J.  Canas  (2008.)). 


Slika  1.  Jednostavna  konceptualna  mapa  konceptualne  mape. 

Vazna  karakteristika  pojmovnih  mapa  jest  u tome  da  su  pojmovi  predstavljeni 
hijerarhijski  s najvise  ukljucenim  i najvise  opcim  pojmovima  na  vrhu  mape  i sa 
specificnijim,  manje  opcim  pojmovima  hijerarhijski  nize.  Hijerarhijska  struktura 
za  odredeno  podrucje  znanja  takoder  ovisi  o sadrzaju  u kojem  se  to  znanje  upotre- 
bljava  ili  se  uzima  u obzir.  Stoga,  najbolje  hi  bilo  konstruirati  pojmovnu  mapu  s 
naglaskom  na  neka  odredena  pitanja  na  koja  zelimo  odgovoriti.  Ta  pitanja  zovemo 
fokusna  pitanja. 

Sljedeca  je  vazna  karakteristika  pojmovnih  mapa  ukljucivanje  poveznica  koje 
se  krizaju  (crosslinks).  To  su  veze  izmedu  pojmova  jednog  segmnenta  ili  domene 
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s drugim  segmentima  ili  domenama  pojmovnih  mapa.  Ukrstene  poveznice  pomazu 
da  shvatimo  kako  su  pojmovi  predstavljeni  na  mapi  u jednoj  domeni  znanja  povezani 
s pojmovima  u drugoj  domeni.  U stvaranju  novog  znanja, poveznice koje  se  krizaju 
cesto  predstavljaju  kreativne  skokove  u ulozi  proizvodaca  znanja. 


I Concept  Maps  I 


represent 


Slika  2.  Slozenija  konceptualna  mapa  konceptualne  mape. 

Na  sljedecim  slikama  prikazane  su  najprije  ilustracije  defmicija  konceptualnih 
mapa  i mentalnih  mapa,  a zatim  dva  primjera  iz  matematike  i to  za  sustav  lineamih 
jednadzbi  i za  kruznicu. 


Slika  3.  Mentalna  mapa  ili  umna  mapa. 
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Mentalne  mape  ili  umne  mape  vrsta  su  konceptualnih  mapa  sa  sljedecim 
karakteristikama: 

1.  glavni  pojam,  ideja  ili  fokus  prikazan  je  u sredistu  si  ike 

2.  glavne  teme  izlaze  i granaju  se  kao  ogranei  iz  sredista 

3.  ogranei  sadrze  kljucnu  sliku  ili  kljucnu  rijec  koja  je  napisana  na  pridruzenoj 
liniji 

4.  teme  od  manje  vaznosti  reprezentiraju  se  kao  izdanci  vaznijih  grana 

5.  grane  oblikuju  povezanu  strukturu  stabla 


Slika  4.  Konceptualna  mapa  za  sustav  linearnih  jednadzbi. 


Slika  5.  Mentalna  mapa  trokuta. 
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Izvor  za  slike  4.  i 5.  Brinkmann,  A.  (2003.),  Graphical  Knowledge  Display  - Mind  Mapping 
and  Concept  Mapping  as  Efficient  Tools  in  Mathematics  Education,  Mathematics  Education  Review, 
The  Journal  of  Association  of  Mathematics  Education  Teachers,  Number  16,  April  2003,  pp.  39-48. 


Every  Circle  j 


Slika  6.  Konceptualna  mapa  kruznice. 

Izvor:  Caldwell,  W.  H.,  Al-Rubaee,  R,  Caldwell,  L.  R,  Campese,  M.  (2006.),  Developing 
a Concept  Mapping  approach  to  mathematics  achievement.  Concept  Maps:  Theory,  Methodology, 
Technology,  Proc.  of  the  Second  Int.  Conference  on  Concept  Mapping  San  Jose,  Costa  Rica,  2006., 
A.  J.  Canas,  J.  D.  Novak,  Eds. 


Vizualizacija  podataka,  informacija  i znanja 

Konceptualne  mape  samo  su  vrsta  vizualizacije,  odnosno  graficke  reprezantacije 
u nekom  podrucju  znanja.  Vizualizacija  podataka,  informacija  i znanja  kao  nacin 
reprezentacije  sluzi  kako  za  kreiranje,  tako  i za  transfer,  komunikaciju  i koristenje 
znanja i veoma je  vazna u podrucju  obrazovanja  (Chen Min  i dr.  (2007. ) , Data,  Infor- 
mation and  Knowledge  in  Visualization).  Postoje  brojni  tipovi  razlicitih  grafickih 
i drugih  prikaza  kao  i strogih  formalnih  metoda  i jezika  za  reprezentaciju  znanja. 
U svom  radu  Eppler,  M.  J.,  (2007.),  navodi  30-tak  razlicitih  prikaza  (vidi  sliku  7.) 
i vrsi  njihovu  taksonomiju. 
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1.  Fishbone  diagram 

2.  Porter’s  value  chain 

3.  The  BCG  portfolio  matrix 

4.  Porter’s  five  forces  diagram 

5.  Technology  roadmap 

6.  Trail  diagram 

7.  Iceberg  diagram 

8.  Toulmin  diagram 

9.  Radar  chart 

10.  Gantt  chart 


11.  Steps  diagram 

12.  Concentric  circles  diagram 

13.  Decision  tree 

14.  Pie  chart 

15.  Cartesian  coordinates 

16.  Connectance  diagram 

17.  Temple  diagram 

18.  Org  chart  / tree 

19.  Pyramid 

20.  Venn  diagram 


21.  Profile  chart 

22.  Loop  (or  system)  diagram 

23.  Concept  map 

24.  Bar  chart 

25.  Life  cycle  diagram 

26.  Flow  chart 

27.  Mind  map 

28.  Morphological  box 

29.  Line  chart 

30.  Strategy  map  (BSC) 


Slika  7.  Selekcija  30  raznih  grafickih  prikaza. 

Izvor:  Eppler  M.  J.,  Platts  K.  (2007.),  An  Empirical  Classification  of  Visual  Methods  for 
Management.  Results  of  Picture  Sorting  Experiments  with  Managers  and  Students.  IV’07:335-341. 


Upotreba  konceptulnih  mapa 

Konceptualne  mape  koriste  se  za  brojne  primjene  u edukaciji,  e-ucenju  (vidi 
CARNET  http : //elacd.  carnet . hr/index. php/Course_Design_2009 
-2010/K0NCEPTUALNE_MAPE)  i nizu  drugih  podrucja.  U ucenju  se  konceptu- 
alne mape  koriste  za  usvajanje  novih  pojmova,  povezivanju  starog  i novog  znanja, 
ocjenjivanju  i organiziranju  znanja,  boljem  prisjecanju,  brzini  i kvaliteti  ucenja  ltd. 
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(vidi  sliku  8.).  Folkes  C.  R.  i dr.  (2004.)  (vidi  slikii  9.)  opisuju  postupke  za 
mapiranje  znanja,  njihovu  korist  i nacin  upotrebe. 


Slika  8.  Upotreba  konceptualnih  mapa. 


Izvor:  ^akmak  M.  (2010.),  An  examination  of  concept  maps  created  by  prospective  teachers 
on  teacher  roles,  Procedia  Social  and  Behavioral  Sciences  2 (2010.)  2464-2468. 


MAP  FORM 


Directories  and  Lists 
Matrices 
Cognitive  maps 
Concept  maps-^^ 
Concept  circle  diagrams. 

Conceptual  graphs  x"'' 
Mind  maps  (or  Radiant  maps)-^^ 
Perceptual  mapsv 
Semantic  networks —2^ 
Process  maps  - 

Knowledge  Flow  maps 

Combined  cognitive  maps 
Causal  maps 
Ishikawa  diagrams—^ 
Impact  wheels 

Issue  trees — ^ 

Strategy  maps^ 

Cause  and  Effect  diagrams^  ^ 
Decision  trees'^ 
Other  maps 
Social  Mess  maps  - 

Idca  maps-^^ 
Cluster  maps"^ 
Webs^ 
Clusters 

Computer-Cien.  Assoc.  Networks 
Vee  (‘■V’)  diagrams/ 


USES 

Cataloguing 

Documented  knowledge 
^ Expert  knowledge 
-■  Competency 

■ Procedural  knowledge 
Task  level 

’■  Decision-making 

Experimental  design  and  exploration 

• Idea  generation  and  evaluation 
Impact  analysis 

-■  Issue  analysis 

’■  Knowledge  gaps  analysis 

■ Knowledge  leveraging 

-■  Knowledge  sharing/  communication 

* Motivational  analysis 

»■  Learning  aid 

■ Learning  assessment 

■ Problem  identification  and  solution 

■ Project/ task  planning 
Skills  management 

Managerial  level 

■ Change  management 

■ Operations  management 

■ Management  of  ‘social  messes’ 
Strategy  development 

Corporate 

■ Competitive 

■ Knowledge  Management 

■ R&D 

N Marketing 

Management  Research 


Slika  9.  Vrste  mapa  i njihova  upotreba. 


Izvor:  Folkes,  C.  R.,  R Quintas  , A.  Demaid  (2004),  Knowledge  Mapping:  Map  Types, 
Contexts  and  Uses.  KM-SUE  4,  The  Open  University:  Milton  Keynes. 
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Izgradnja  i softver  za  konceptualne  mape 

Detaljni  prikaz  izgradnje  konceptualnih  mapa  kao  i njihovo  koristenje  dan  je 
u radu  Novaka  J.  i dr.  (2008.). 

U posljednje  vrijeme  razvijaju  se  i brojni  drugi  pristupi  za  konstrukciju  kon- 
ceptualnih mapa  (vidi,  npr.,  http://www.cs.joensuu.fi/pages/whamalai/ 
sciwri/belinda.pdf ) i rad  autora  Tseng  S.  S.  i dr.  (2007.).  Na  stranicama 
WikilT  nalazimo  listu  i adrese  softvera  kojim  se  mozemo  koristiti  za  izradu  kon- 
ceptualnih i drugih  mapa.  Ovaj  popis  ohuhvaca  gotovo  sve  softverske  proizvode 
koji  su  “free”  i koji  su  svima  dostupni. 


Primjeri  izgradnje  i koristenja  konceptualnih  mapa 

Ucenici 

Na  primjerima  ucenika  iz  Finske  i Italije  ilustriramo  uporabu  konceptualnih 
mapa. 

Ucenici  iz  Finske  mapirali  su  prednosti  i nedostatke  koristenja  interneta. 


Slika  10.  Prednosti  i nedostaci  interneta. 

Izvor:  Leino,  K.  (2006.),  Reading  the  Web-Students’  Perceptions  about  the  Internet, 

Scandinavian  Journal  of  Educational  Research,  50(5),  str.  541-557. 
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Ucenici  iz  Italije  starosti  9-10  godina  nakon  korisenja  konceptualnih  mapa 
odgovarali  su  na  sljedeca  pitanja: 


what’s 
a map? 

It’s  a scheme  where  I sUtdy  a topic  and  think  about  it. 

It’s  a usefiil  scheme  to  shidy  in  a logical  way. 

It's  a synthetic  scheme  organized  like  oin  thought,  where  eveiy  topic  is  Ihiked  to 
another. 

It’s  a logical  method  of  smdying  following  a scheme,  so  tliat  I can  speak  fluently 
about  a topic. 

It's  a scheme  showing  fimctions  and  detail  of . . . something. 

It’s  a little  scheme  where  I put  the  main  things  about  a topic. 

It's  like  a diagram  explammg  a key  word. 

It’s  the  suumiary  of  a page  of  a book. 

It’s  a scheme  where  I write  the  most  important  pouits. 

It’s  a written  and  well  ananged  scheme. 

It’s  a scheme  which  I can  consult  to  see  the  main  things. 

What  do  you 
do  when  building 
a map? 

I look  for  words  and  mfonnation. 

I give  a meaning,  a word,  to  each  point. 

I put  words  m order. 

What  do  you  mean  by  “putting  in  order’’?: 

• I put  them  m their  right  place. 

• I classify  them. 

• I put  at  the  top  the  most  important. 

I build  my  map  with  my  pencil  or  with  my  post-it. 

I put  the  words  m relationship  with  airows  and  linking  plnases. 

I change  the  position  of  words  by  reaiTanging  anows  and  linkmg  phrases. 

What’s  its  use 
for? 

It  helps  me  to  remember  what  I have  studied:  The  scheme  fixes  in  my  mind. 
It  helps  me  to  understand  better  a concept  and  to  tell  a topic. 

It  helps  me  to  shidy.  to  thuik.  to  imderstand. 

It  helps  me  to  have  a well  ananged.  logical  visual  scheme. 

It  helps  me  to  shidy  better  and  quickly. 

It  helps  me  to  review  what  I do  not  remember  and  to  link  different  topics. 

It  helps  me  to  know  a lot  of  things  simply  by  readmg  suimnaries. 

Tablica  1.  Sto  djeca  kazu  o konceptualnim  mapama? 

Izvor:  Berionni  A.  & Baldoni  M.  O.  (2004.),  The  Words  of  Science:  The  Construction  of 
Science  Knowledge  using  Concept  Maps  in  Italian  Primary  School,  Proc.  of  the  First  Int.  Conference 
on  Concept  Mapping,  A.  J.  Cafias,  J.  D.  Novak,  F.  M.  Gonzalez,  Eds.  Pamplona,  Spain 

Odgovori  na  prethodna  pitanja  pokazuju  da  ucenici  pri  sustavnom  koristenju 
konceptualnih  mapa  mogu  ne  samo  razviti  kognitivne  kompetencije  nego  i metakog- 
nitivne  kompetencije,  tj,  misljenje  o svojem  misljenju  te  bid  svjesna  svojeg  procesa 
ucenja  i testirati  stupanj  svog  znanja.  Kognitivne  i metakognitivne  kompetencije 
usvojene  u motivirajucem  kontekstu  ucenja  polazna  su  tocka  razvoja  najznacajnije 
kompetencije,  a to  je  znati  “uciti  kako  se  uci”. 
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Nastavnici 


U nastavku  prikazujemo  neke  rezultate  istrazivanja  provedenih  2009.  godine 
na  studentima  - buducim  uciteljima  na  temu  “Uloga  buducih  uciteija  u ucenju”  i 
“Konceptualne  mape  u formativnom  ocjenjivanju”. 


Teacher  roles  in  teaching 
is  leader 


teacher 


ts  responsible  for 
lias  to  be 


education 

includes 

teaching 

require 

Smiling 


Has  to  be  qualified 


is  presented  by 


requires 


lesson 


Has  to  be  active 

Has  to  be  guide 


Has  to  be  mediator 


Personal 

Effective  time  difference 
management 


Effective 

communicatiot) 


Non-verbal 

interaction 


Ex: 

Eye- 


Published, 
materials 
Ex:  Book., 
journal. .etc. 


Verbal 

interaction 


Effective 

classroom 

mwnaopmenf 


Ex: 

Effective 

speaking 


Personality 

fraitc 


Effective  teacher  role  and  behaviors 


audiotory 
Is  a 


Visual 

tools 


Audiotor 
y tools 


Micro 

teaching 


Problem 

comouter  >»lving 


Case- 

study 


Role-play 


is  patient 

is  fair 

is  objective 

is  smiling 

is  communicating 
effectively 


teachniques  forum 

panel 


6 

thinkin 
g hats 


Slika  11.  Primjeri  konceptualnih  mapa  koje  su  izradili  buduci  ucitelji  u Turskoj. 


Izvor:  ^akmak  M.,  2010.,  An  examination  of  concept  maps  created  by  prospective  teachers  on 
teacher  roles,  Procedia  Social  and  Behavioral  Sciences  2 
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Table  1.  Smdent  teacheis’  Perceived  Usefulness  of  Ccnceot  Maooiu?  as 

a Foimative  Assessment 

Perceptions 

NA 

\X 

sw 

TGE 

1.  Concept  mapping  helped  me  to  understand  the  key  concepts  of  the 
subject  I studied  in  the  class. 

2.  Concept  mapping  helped  me  to  inwove  my  learning  of  the  course 

2.4 

2.4 

9.0 

7.8 

33.7 

48.8 

54.8 

41.0 

content. 

3.  Concept  mappins  increased  mv  motivation  in  learning  the  course 

3.6 

7.8 

47.6 

41.0 

content. 

4.  Concept  mapping  increased  mv  involvement  in  the  class. 

.6 

2.4 

30.7 

66.3 

5.  Concept  mapping  helped  me  to  communicate  my  learning  to 
others  in  the  class. 

0 

4.8 

54.8 

40.4 

6.  Concept  mapping  stimulated  me  to  think  independently. 

0 

5.4 

55.4 

39.2 

7.  Concept  mapping  helped  me  to  learn  cooperatively  with  my  class 
colleagues. 

.6 

10.8 

84.9 

3.6 

8.  Making  connections  among  concepts  in  concept  mappings  tasks 
challenged  my  thinking. 

0 

1.2 

59.6 

39.2 

9.  Concept  mapping  helped  me  to  clarif\'  the  inteirelationships 
among  course  content. 

1.2 

6.6 

48.2 

44.0 

10.  Concept  mapping  helped  me  to  see  the  missing  components  m 
my  learmng  of  the  course  content. 

0 

5.4 

36.1 

58.4 

11.  Visualizing  my  learning  through  concept  mapping  tasks  reduced 
the  ambiguity  of  the  concepts  expressed  verbal!)'  by  the  instructor. 

1.2 

7.8 

69.3 

21.7 

12.  Concept  mapping  helped  me  to  gain  a better  understanding  of  nw 
learning  processes  in  the  class. 

2.4 

6.6 

33.7 

57.2 

Note;  1 = Not  at  alL  2 = Vei>'  little.  3 = Somewhat.  4 = To  a great  extend 


Tablica  2.  Kako  student!  - buduci  ucitelji  vide  korist  konceptualnih  mapa  kod 
formativnog  ocjenjivanja. 

Izvor:  Buldu  M.,  Buldu  N.,  (2010.),  Concept  mapping  as  a formative  assessment  in  college 
classrooms:  Measuring  usefulness  and  student  satisfation  Procedia  Social  and  Behavioral  Sciences 
2 2099-2104 


Kvaliteta  ucenja,  stilovi  ucenja  i konceptualne  mape 

Za  mjerenje  kvalitete  ucenja  cesto  se  sluzimo  razlicitim  modelima.  Neki  autori 
koriste  se 

pritom  brojnim  stilovima  ucenja  kojih  ima  preko  70-tak.  Jedan  od  najcesce 
koristenih  jest  KOLB-ov  model  ucenja  i stilova  ucenja  koji  je  prikazan  na  slid 
12.  Na  temelju  stanja  prethodnog  i novostecenog  znanja  mjeri  se  kvaliteta  ucenja 
kao  sto  to  prikazuje  slika  13.  Hay  (2007.)  koristi  se  konceptulnim  mapama  da 
komparira  strukture  znanja  prije  i poslije  ucenja  (slika  13.).  Takoder  se  ovdje 
navode  metode  i razlicite  strukture  kojima  se  opisuju  prethodno  znanje  i ucenje. 
Konceptualne  strukture  prikazane  su  na  slid  13.  prije  i poslije  ucenja.  Pojmovi 
su  prikazani  kao  krugovi,  a veze  kao  crte.  Ne-ucenje  (na  vrhu  slike)  sastoji  se 
od  jednostavnog  ponavljanja  prijasnjeg  znanja  i predstavlja  samo  staro  znanje  bez 
promjena.  Povrsinsko  ucenje  (u  sredini  slike)  sastoji  se  u dodavanju  ili  brisanju 
pojmova  bez  ikakve  integracije  s drugim  dijelovima  prethodne  strukture  znanja. 
Dubinsko  ucenje  sastoji  se  od  integracije  prethodnog  znanja  i novog  znanja  na 
nacin  koji  znacajno  povecava  razumijevanje  sadrzaja. 
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Kolb’s  loaminy  cvclc  (after  Kolb  and  Fry  1975). 


C«ncf«t* 


Slika  12.  Kolbov  ciklus  ucenja  i stilovi  ucenja. 


BEFORE  AFTER 


NON- 

LEARNING 


knowledge  structure 
remains  unchanged 


SURFACE 

LEARNING 


some  prior-concepts 

are  rejected  and  new 

ones  are  added,  but  no 

new  links  are  made  between 

retained  concepts 

and  the  newly  added  concepts 

are  not  linked  to  the 

the  prior  knowledge  structure 


DEEP 

LEARNING 


new  concepts 
are  linked  to  the  retained 
knowledge  structure  and  new 
links  are  made  between  those 
parts  of  the  prior  knowledge 
structure  that  are  retained 


top  (organising)  concepts  ^ rejected  concepts ) retained  concepts  Q added  concepts  o 


Slika  13.  Kvaliteta  ucenja. 

Izvor:  Hay,  D.  B.  (2007.).  Using  concept  maps  to  measure  deep,  surface  and  non-learning 
outcomes.  Studies  in  Higher  Education,  32,  1,  39-57. 
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Adrese 

CARNET  http : / / elacd.  carnet . hr/index. php/Course_Design_2009 
-2010/KDNCEPTUALNE_MAPE 

IHMS  ConceptMapsTools  http : //cmap . ihmc  . us/conceptmap . html 
EDUTECHWIKI  http : //edutechwiki  .unige . ch/ en/Concept  jnap 

PSYCHOLOGY  WIKI  http:  //psychology  .wikia.  com/ index. php?title 
=Concept_map 

WIKIT  1 http://www.informationtcmiers.com/WikIT/index.php7title 
=Mind_maps 

WIKIT  2.  http : //www. inf ormationtcuners . com/WikIT/ index. php?title 

=Concept_maps_or_mind_maps7,3F_the_choice 

WIKI  http : //en . Wikipedia . org/ wiki/ Conceptjnapping 

CAST  http : //www.  cast . org/publications/ncac/ncac_goudl . html 

GRAPHIC  ORGANIZER  http : / / www . graphic  . org/ index . html 

IQ  MATRIX  http : / / iqmatrix . com/ 

KMWIKI  http : / /kmwiki  . wikispaces  . com/ 


Zakijucak 

Zahtjevi  za  novim  pristupima  ucenju  i obrazovanju  ucitelja  matematike  postaju 
sve  jaci  i izazovniji.  Sve  vise  se  nalasavaju  razliciti  pristupi  za  reprezentaciju  i 
transfer  znanja,  a zatim  i za  ocjenjivanje  i evaluaciju  u procesima  ucenja  i nastave 
matematike.  Konceptualne  mape,  mentalne  mape  i mape  znanja  daju  dobru  os- 
novu  za  svrhovito  i trajno  ucenje  kako  ucitelja  take  i ucenika  s ciljem  poboljsanja 
znanja  vjestina  i sposobnosti.  Pri  sustavnom  koristenju  konceptualnih  mapa  mogu 
se  ne  same  razviti  kognitivne  kompeteneije  pojedinaca  nego  i metakognitivne  kom- 
peteneije,  tj,  misljenje  o svojem  misljenju  te  bid  svjestan  svojeg  procesa  ucenja  i 
testirati  stupanj  svog  znanja.  Kognitivne  i metakognitivne  kompeteneije  usvojene  u 
znacajnom  i motivirajucem  kontekstu  ucenja  polazna  su  tocka  razvoja  najznacajnije 
kompeteneije,  a to  je  znati  “uciti  kako  se  uci”. 
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Sazetak.  U clanku  ce  se  pokusati  predstaviti  aritmeticke  operacije 
na  brojevnoj  crti  kao  aritmeticki  stroj,  koristeci  se  samo  “mehanickim” 
zapovijedima,  kao  sto  su  duzina  koraka,  smjer  udesno  ili  ulijevo, 
odnosno  u smjeru  prema/ili  od  0 i slicno.  Operacije  ce  biti  pred- 
stavljene  uobicajenim  vizualnim  objektima  koji  se  koriste  u skolskoj 
nastavi,  kao  sto  su  strelice,  duzine,  brojke  i slicno,  stoga  se  stroj  moze 
shvatiti  kao  vizualna  sintaksa  u smislu  dijagramske  logike.  Mehanicki 
rezultat  je  vizualna  figura  na  brojevnoj  crti  kao  stop-akcija  programa 
na  stroju  koji  korespondira  s racunskim  operacijama  u aritmetickoj 
strukturi,  u smislu  logicke  ispravnosti  i potpunosti.  Racunske  op- 
eracije, s osobitim  naglaskom  na  dijeljenje  i 0,  mogu  se  simulirati 
kao  program  na  brojevnoj  crti.  S druge  strane,  stroj  se  moze  koristiti 
u nastavi  matematike  kao  ocigledno  sredstvo  za  ucenje  apstraktnih 
aritmetickih  operacija,  temeljenih  na  neposrednoj  intuiciji  ucenika  u 
razrednoj  nastavi.  Obrada  operacija  na  brojevnoj  crti,  u njenom  opcem 
obliku,  prikazana  je  dinamicki  s malim  racunalnim  programom. 

Kljucne  rijeci:  aritmeticke  operacije,  brojevna  crta,  dijagramska 
sintaksa,  racunalni  program 


U ovom  clanku  zeli  se  predstaviti  vizualizaciju  aritmetickih  operacija  na  bro- 
jevnoj crti.  Model  brojevne  crte  prakticki  je  prisutan  u svakoj  skolskoj  ucion- 
ici  razredne  nastave.Udzbenici  matematike  za  drugi  i treci  razred  u Hrvatskoj 
predocuju  racunske  operacije  pomocu  “skokova”  na  brojevnoj  crti.  Upravo  taj 
pristup  uzet  je  kao  temelj  za  prikaz  aritmetickog  stroja  koji  bi  dobro  i u cijelosti 
objasnio  aritmeticke  operacije.  Stroj  je  prikazan  najcesce  kao  dijadicko  stablo  s 
komandama  koje  su  u sustini  iste  kao  i kod  racunalnog  programiranja,  kao  COPY, 
DELETE,  GOTO  i si.  Potpuno  vizualno  prikazivanje  apstraktnih  sadrzaja  u matem- 
atici  je  na  tragu  ideja  izlozenih  u clanku  [2]  i knjigama  [1]  i [4]. 

Metodicki  pristup  nastavi  o brojevnoj  crti  obogacen  je  malim  racunalnim  pro- 
gramom kojem  je  cilj  prezentirati  teorijske  strojeve  generirane  u clanku. 

1.  nosac  rj  = ( ) je  jednodimenzionalni  kontinuirani  objekt  koji  moze 

biti  otvorena  ili  zatvorena  crta.  P C r]  je  podskup  referentnih  tocaka  na 
nosacu  rj. 
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2.  Defmirajmo  strukturu  brojevne  crte  b = {IqJ  o /).  Iq  je  istaknuta  tocka,  a 
/ o / je  funkcija  koja  svakom  grafickom  objektu  na  crti  pridruzuje  njegovo 
ime.  / : P ^ D je  funkcija  usmjerenja.  Za  skup  D C N x N vrijedi  da  je 
standardno  ureden  i da  je 

1.  {{n,0)\n  e N}  C D. 

2.  Izaberimo  tocku  t ^ P,  take  da  je  I{t)  = (0,0),/ (7(f))  = 0,  odnosno 
krace  cemo  je  oznaciti  kao  to- 

3.  Za  tocku  V £ P reci  cemo  da  je  v vizualno  izmedu  to  i w akko  je 
(7(w)  / 7(v))i(7(w)  < 7(v))./  : 7(P)  ^ T je  funkcija  oznacavanja.  T 
jeskup/menazagrafickeobjekte  (N  C T).  Akojen,m  e 7(P)  {n  < m), 
ondaje  (f{n)  <f{m)). 

3.  Tocke  kruzici:  tn  = (o)/(,i),  (n  £ N x N)  su  osnovni  objekti  na  brojevnoj 
crti. 

4.  Skokovi  Ichir,  t)  = ( Y ^ )(7,  t)  i lph{Y,  t)  = ( f~r  )(y,  t).  y je  rep 
skoka  a T je  glava  skoka,  /z  £ N je  ime  skoka. 

5.  Generiraj  skok  na  brojevnoj  crti  je  prosirenje  b sa  skokom: 

khinyjM,  n-c,i,h){ny,i.h,  G T)(f  o7)(y)  = ((/  o7)(t)  = n^ph)  u 

brojevnu  ertu  b U Uh- 

6.  Tocka  tn  sadrzana  je  u skoku  Uh  : (Vm,  k £ N x N)  (f{m)  = nyj^h  {k)  = 

riT.i.h)  {m  <n  <k)y  {k  <n  <m) 

0123456789 

?6  je  sadrzan  u 1^. 

7.  Preklapanje  Zl  jerelacija:  U^hiY,  t)  ^ lj,k{Y:'r)  ij  G {c,p}  akko  (jim,n  £ 

N X N),/(m)  = nyj^kif  {n)  = (l;i  i sadrzani  u skoku  Uh)- 


0123456789 


8.  TTopiranje  COPY  operacija:COPY„ t)  = lih{Y^'r){riyjji  =f{n)) 

9.  Uklanjanje  DELETE  operaeija:  DELETE /,/;(y,  t)  jebrojevnacrtab/Z;/,(y,  t) 

10.  Udvostrucenje  ljd{Y,  t)(/  £ {c,p})  je:  ljm{y,  t)  takav  (;y+i(y,  t) 

= COPYn^j,rf  ljd{Y,T){n 

yj,m  — riyjdi  rirj^m  — ^tJ,4+i) 

11.  Poloviste  tocaka  ta  i tp  je  tocka  tx  takva  da  je  ljd{Y,'r)  {nyp  = / (a)  i 

riTjd  =/(j3))  udvostrucenje  IjhiY,'^)  {nyM  =/(«)  i =f  U))- 

12.  Okretanje  (invertiranje)  J operaeija  na  skokovima  koja  zamjenjuje  y i t. 

Jlch{Y,^)  = J{f  ^)  = l'ch{^  'Y)(Er) 
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Strojevi  za  racunske  operacija  u N 

Tocke  na  brojevnoj  crti  imenujemo  prirodnim  brojevima/  : D = {(«,0),/i  G 
N}(«,  0)  — > (r  = N),  grafickeobjekte  (kruzici  na  crti)  izjednacujemo  s njihovim 

imenima,  odnosno:  = n. 

Defmirarajmo  racunske  operacije  na  brojevnom  polupravcu.  to  = 0 je  pocetna 
tocka  polupravca. 

0 1 2 3 4 5 6 7 8 9 10  11  12  13  14  15  16  17  18  19  20  21  22 

1.  Zbrajanje  a + b 


1.  START:  lc{y,  T),ny^c  = 0 i ^t,c  = skok  od  0 do  lijevog  pribrojnika; 

2.  Generiraj  skok  Ipi  (y,  t)  ny^i  =0,  =b,  lp{y,  t)=COPY?1t,c  Jlpi  (7,  t) ; 

3.  je  rezultat  STOR 

2.  Oduzimanje  a — b ]e,\ 


1.  START:  lc{y , t),  Uy^c  = 0 i ^ skok  od  0 do  umanjenika; 

2.  Generiraj  skok  Ipi  (y,  t)  Uy^pi  =0,  =b,  lp{y,  z)=COFYn^p  Jlpi  (y , t)  ; 

3.  Ut:p  je  rezultat  STOR 

Ako  ]tb  > a,  rezultat  se  ne  moze  pokazati  na  brojevnoj  crti. 

3.  Mnozenje:  a x b = c: 

1.  START:  generiraj  na  brojevnoj  crti  lpi{y,z),  riy^j  = 0 i = 0, 

lpi{y,  t),  = 0 i = a; 

2. 


0123456789 


0123456789 


i < b 

^p,(’+i  (/)  7')  — COPY  n^ip  i Ip^iiy , t) , 
i ^ / + 1,  GOTO  2. 


012345678 
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4.  Dijeljenje  a : buX: 

1.  START:  ld{Y,  t),  «y,d=0  i riT:^ci=<^,  (ime:  /=0) 

2.  t),  nyp  i,=0in^^pj,=b,  lpi{y , t)=COPY^,c,,'  JlpAy,  t),  DELETE/p,v(y,  t) 


33-  ipiiy tA  ^ciiy tA 

^c(('+l)  {y  ^y,c(i+l)  i ^T,c(/+l)  —f^T,pi 


4a.  lci{y,r)  lpi{y,r) 
DELETE  lpi{y,  t).  GOTO  7. 


4bb.  ^ 0 

GOTO  3b. 

5a.  /c(<+i)(r,T)  5b.  lc(i+i){y,A 
^ ^ciiy  jA  ^ ^ci{y  1 a 


6.  DELETE  /ri(7,  t),  / ^ / + 1,  GOTO  2. 
7.  Rezultat:  kolicnikje  ime  posljednjeg crtkanog  skoka  i i ostatak«T:,c,(+i  -STOP 

Provjerimo  proceduru. 

Primjer  1.  25  : 3 = 8 i ost.  1 


/\ 


0 1 2 3 4 5 6 7 8 9 10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25 


Mozemo  izabrati  same  ovaj  niz  evorista  u stablu  stroja  za  dijeljenje:  1.,  2.,  3b., 
5a.,  6.,  2.  Ponavlja  se  8 puta  ista  procedura.  9.  put  skrecemo  na  3a.  4a.  i dosizemo 
STOP. 


4ba.  n-cpi=0 

^c(i'+l) (y ) A’  ^y,c(i+l)  ^T,c(i+1)  0 

DELETE  ld{y,  t).GOTO  7. 


4b.  lci{y,  t)  zi  lpi{y,  t) 
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PrimjerZ.  6:0  = 

1.  Po  1.  START  (ucrtaj  puni  skok)  i 2.  po  2.  ucrtaj  crtkani  skok  3.  3a. 
odbacujemo,  3b.  prihvacamo;  4.  5b.  prihvacamo  5.  6.  prihvacamo  i vracamo  se 
u 2. 


012345678  012345678 


Ciklus  se  ponavlja  i nikad  ne  dosize  STOP  komandu.  Stroj  ne  moze  stati. 
Zadatak  je  nerjesiv! 


Primjer  3.  0 : 0 

1.  START  (ucrtaj  puni  skok)  / = 0 2.  primijeni  2.  ucrtaj  crtkani  skok  3.  3a.  ili 
3b.  su  prihvatljivi;  uzmimo  3a. 

\ 

\ 

\ 

\ 

i ^ ^ ^ ^ ^ ^ ^ ^ 

012345678 

4.  Mozemo  primijeniti  samo  4b.  5.  Prihvatljivo  je  samo  4ba.  6.  Dosizemo 
STOP.  Ili  31.  Prihvatimo.  3b. 

41.  Primijeniti  mozemo  samo  5b.  51.  Primijenimo  6.  61.  Primijenimo  2. 
71.  Mozemo  prihvatiti  3a.  i doseci  STOP  komandu  ili  preko  3b.  ili  4bb.  Ciklus  se 
moze  ponavljati  po  volji  mnogo  puta. 


012345678  012345678 


Izraz  je  neodreden. 


\ 

\ 

\ 

\ 


0 123456789  10  11 


Primjer  4.  0 : 6 = 

1.  START  (ucrtaj  puni  skok)  / = 0 2.  primjeni  2.  ucrtaj  crtkani  skok 


012345678 


322 


Miljenko  Stanic 


3.  Mozemo  prihvatiti  samo  3a.  4.  Prihvatljivo  je  samo  4a.  i dosizemo  STOP 
komandu.  RezultatjeO. 


Vizualizacija  dijeljenja  ili  racionaini  brojevi 

Je  li  moguce  prosirenjem  brojevne  crte  novim  tockama  u postojecem  vizual- 
nom  sustavu  opravdati  formulu  ekvivalencije:  a : b = c a = b ■ cl  Vizualni 

zadatak  je  pronaci  skok  (pridruzen  c)  takve  duljine  da  polazeci  od  0 uzastopnim 
kopiranjem  b puta  istog  skoka  dosegnemo  na  brojevnoj  crti  djeljenik. 

Pogledajmo  na  primjer  4 : 5. 


/ 

/ 3 0 ^ 

0 12  3 4 

Treba  naci  tocku  izmedu  0 i 1 takvu  da  skok  od  0 do  te  tocke  ponovljen  5 puta 
uzastopno  dosegne  tocku  4.  Skok  mora  bid  duljine  manje  od  1.  Je  li  barem  - ? 

Ucrtajmo  u segment  od  0 do  4 polovista  jedinicnih  segmenata.  Dakle,  ud- 
vostrucili  smo  broj  tocaka  (zelene  tocke)  na  promatranom  segmentu.  Imamo  li 
dovoljan  broj  tocaka  za  barem  5 skokova  ? Da.  Oznacimo  dosegnutu  tocku  crnom 
bojom.  Ali  nismo  dosegnuli  4.  Mozemo  li  skok  produljiti  s jos  jednim  polovljen- 
jem  postojecih  tocaka  od  crvene  tocke  do  tocke  4.  ljubicaste  tocke?  Ostvarili  smo 
5 skokova,  ali  jos  nedovoljno  za  doseci  tocku  4. 


0 12  3 4 


Mozemo  li  nastaviti  proces?  Odnosno,  u ostatku  od  dosegnute  tocke  pa  do 
djeljenika  ucrtajmo  nova  polovista  (zute  tocka).  Nedovoljno  za  nove  skokove! 
Trebamo  barem  5 tocaka!  Ponovimo  proces  s novim  polovljenjem.  Opet  imamo 
nedovoljan  broj  tocaka  za  5 skokova!  Ponovimo  proces  s novim  polovljenjem. 
Ovom  podjelom  generirali  smo  dovoljan  broj  tocaka  za  novih  5 skokova!  Uocimo 
da  su  poslije  posljednjeg  dijeljenja  ostala  na  raspolaganju  jos  3 moguca  skoka,  kao 
i kod  prvog  dijeljenja.  Dakle,  proces  ce  se  ponoviti  i nastaviti  do  unedogled. 


0 12  3 4 


Gornji  graf  pokazuje  duljinu  trazenog  skoka  (iscrtani  skok).  Da  smo  proces 
nastavili,  bili  bi  blize  djelitelju,  ali  bi  tada  izgubili  vizualnu  citljivost.  Sivi  iscr- 
tani skokovi  pokazuju  da  smo  do  istog  rezultata  mogli  doci  trazeci  samo  po  jedan 
skok  duljine  djelitelja!  Ispisimo  zakljucke  koji  neposredno  slijede  iz  vizualizacije 
problema:  1.  Polovljenjem  segmenta  od  postignute  tocke  do  djeljenika  je  vizualna 
operacija  udvostrucenja  broja  tocaka.  2.  Skokje  moguc  ako  imamo  na  raspolaganju 
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dovoljno  novih  tocaka  barem  koliki  je  djelitelj.  3.  Kod  odlucivanja  o skoku  postoje 
samo  dvije  mogucnosti:  ili  je  skok  nemoguc  ili  je  naraspolaganju  samo  jedan  skok. 

Na  kraju  mozemo  pojednostaviti  vizualne  akcije  na  brojevnoj  crti.  Po  2.  slijedi 
da  akcijom  u svakom  koraku  procesa  moramo  imati  dovoljan  broj  tocaka.  Svakim 
polovljenjem  udvostrucavamo  broj  tocaka  od  posljednje  tocke  pa  do  djeljenika. 


Pogledajte  gornji  graf!  Ako  ga  pazljivo  slijedimo,  skokovi  nacrtani  punom 
crtom  su  medusobno  sukladni  odredeni  dijeliteljem. 


0123  45678 


Crvena  isprekidana  crta  oznacava  ostatak  u smislu  dijeljenja  u skupu  N.  Siva 
iscrtana  crta  je  podvostrucena  crveno  iscrtane  crte.  Zapocnimo  s procesom: 

1.  Crveno  iscrtana  crta  do  djeljenika  ne  preklapa  plavi  skok,  oznacimo  tocku 
0 crvenom  bojom.  Ispunjena  tocka  oznacava  da  t krajnja  tocka  pridruzena  skoku 
c nije  bliza  0 od  te  tocke. 

2.  Podvostrucena  iscrtana  crta  preklapa  crveni  skok,  dakle  dodajemo  tocku 
ispunjeno  crvenom  bojom. 

3.  Podvostruceni  ostatak  doseze  do  tocke  6.  On  preklapa  zeleni  skok. 
Pridruzimo  poloviste  oznaceno  zelenom  tockom. 

4.  Podvostmceni  ostatak  doseze  do  tocke  2,  nedovoljno  za  preklapanje  zutog 
skoka.  Oznacimo  poloviste  zutim  rubom.  (Poloviste  je  uvijek  izmedu  ispunjene 
tocke  prema  0 i najblize  neispunjene  tocke  od  0.) 

Neispunjena  tocka  oznacava  da  T krajnja  tocka  pridruzena  skoku  c nije  dalje 
od  te  tocke. 

5.  Podvostruceni  ostatak  doseze  do  tocke  4,  (djeljenik)  i tada  smo  istom  stanju 
kao  u 1.  Proces  se  ne  zaustavlja.  Ne  mozemo  ostvariti  crveni  iscrtani  skok  duljine 
0. 

3 13 

Trazeni  skok  je  veci  od  ali  manji  od  — itd.  Sada  mozemo  formalno 

4 16 

ispisati  vizualnu  proceduru.  Prvo  cemo  ispisati  funkciju  imenovanja  novih  tocaka 
dobivenih  polovljenjem. 

13.  g{n)  je  ime  tocke  koje  je  slog  sastavljen  od  0 i 1,  duzine  n + 2 ovako: 

a)  g(— 1)  =""  je  prazan  slog 

b)  g(0)  = lig(l)  = 10 

c)  g{n  + 1)  = g{n)0  ili  g{n)\  {n  > 1) 

14.  Prosirimo  s novim  grafickim  objektima  tocke  kruzicv. 

tb_  = = {o){g{n)  = g{n  - 1)0), 
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tc.  = tg(n)  = (•),  {g{n)  = g{n  - 1)1),  « E N. 

Polazimo  od  dijeljenja  u skupu  N,  kojeg  smo  gornjem  tekstu  opisali.  a je 
djeljenik,  b djelitelj,  q]&  broj  plavih  skokova  i r je  duljina  isprekidano  crvenog 
skoka.  Pretpostavimo  da  je  r > 0. 

1.  START:  5 = 0 (0-to  stanje)/(<7)  = g(0)  = g(-l)l  i/(<?  + 1)  = g(l)  = 

g(0)0,  ucrtati  ?c,g(o)>  i ^co(7,  t),  = 0 i «t,c0  = r.  Ispisimo  niz:  v(l)  = r. 

2.  Neka  je  s = i.  Zak  = mirijc  (0  < a:  < 5)^(5  — x)  = g{s  — x — 1)1  (barem 
ako  jejc  = 5),  postoji  jedinstvena  tocka  t^k  = tg(^s-k)- 

Zah  = minj,  (0  < z < s)g{s  — z^  = g{s  — z—  1)1  (barem  ako  jez  = 5—1),  postoji 
jedinstvena  tocka  tbh  = tg[s-h)- 

3.  Udvostrucimo  crveni  skok  ld{Y,  t),  formirajuci  skok  IcdiV,  t),  v{s  + 1)  = 
v(5),  n^^cd- 

4.  Generiraj  skok  lp(y,  t),  = 0,  = b.  lpi{y,  t)  = COPY  tir,cd  JlpiY, 

Postoje  samo  dvije  mogucnosti. 


5a.  IpiiY,  t)ZI  IcdiY,  t):  DELETE (7,  t). 

Na  polovistu,  tck  i thk 

ucrtati  tg(^s)o  odnosno 

g{s  + 1)  = g{s)0,  5 — > 5 + 1.  GOTO  2. 


5b.  Zcrf(7,T)ZI/p;(7,T)  tada 
Na  polovistu,  tck  i hk 
ucrtati  tg(^s)i  odnosno 
g{s+  1)  = g(5)l,  5^5+1. 
ucrtaj  Zc(;+i)(7,t):  ny^c(i+i)  = 0 

i ^T,c(i+l)  — ^T,pi 


^T,c(/+i)  7^  0 ^T,c((+i)  — 0,GOTO  6 


3w  < 5,  takav  da  je  v(w  + 1)  = v(w),?1t,c(;+i)  GOTO  2. 

Tada  cemo  reci:  “Proces  se  ponavlja  do  unedogled.  Biraj  tocku  Zg(i)i  kao 
posljednju  i GOTO  6 Hi  nastavi  i GOTO  2.  sljedecim  tockama  tipa  Zg(i)i  duljina 
rezultata  q bit  ce  bolja  u smislu  da  jeb  ■ q blize  a.” 

6.  Nacrtaj  (zeleni)  /^(y,  t),  takav  da  je  = 0 i nT,p;+i  = STOP 

Ako  smo  tocke  na  brojevnoj  crti  imenovali  u binarnom  sustavu,  tada  zeleni 
skok  pokazuje  racionalan  broj  napisan  decimalno  ovako:  q.g'(s  + 1)  tako  da  je 
g(5+  1)  =g(l)g'(5+  1). 
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Cijeli  brojevi 


Polazimo  od  brojevne  crte  N.  Funkcija  I (oznacavanja)  ostaje  ista.  Neka  se  iz- 
abere po  volji  veliki  n vec  koliko  nam  treba.  Formirajmo  novu  funkciju  imenovanja 

f, 


f{k)  = 


k — n,  k > n 
—{n  — k),  k < n 


-12-11-10  -9  -8  -7  -6  -5  -4  -3  -2  -1  0 1 2 3 4 5 6 7 8 9 10  11  12 

Slika  prikazuje  predstavu  brojevne  crte  Z za  n > 12.  Oduzimanje:  a — b 

1.  START:  generiraj  na  brojevnoj  crti  Zc(7,  t),  c = 0 i 

«y,p,l  = 0 i «T,p,l  = b 

2.  ip2{r,  t)  = jipi (r,  t),  delete  ipi (7,  t) 

3.  Zp3(y,  t)  = COPY  n-cp  lp2{y,  t),  DELETE  lp2{r,  t) 

4.  = c rezultat  zbroja.  STOP 


-12-11-10  -9  -8  -7  -6  -5  -4  -3  -2  -1  0 1 2 3 4 5 6 7 8 9 10  11  12 


Mnozenje:  a x b = c 

1.  START:  generiraj  na  brojevnoj  crti  lpi{y,  t),  riy^pj  = 0 i = 0,  Ipi  (y,  t), 
«y,p,i  = 0 i n-c^p^i  = a, 

2. 


i < \b\ 

(F)  — COPY  nip  ilp  ji^Y , t), 
i^i  + EGOTO  2. 


b <0,  Ic{y,  t),  b >0,c  = rezultat,  STOP 

ny,c  — 0>  — ^T,p,\b\ 

/pi(r,T)  =coPYo/Zc(r,T), 

DELETE  E(r,T) 
c = /1t,c,i>  rezultat,  STOP 


-15  -14-13-12-11-10  -9  -8  -7  -6  -5  -4  -3  -2  -1  0 1 2 3 4 5 6 7 8 9 10  11  12  13  14  15 


i > |Z7| 

DELETE/p;(y,  t),c  = n^p^\b\ 


326 


Miljenko  Stanic 


Brojevna  crta  na  kruznici 

Smjestimo  brojevnu  crtu  na  topoloski  razlicit  objekt  od  pravca  i njegovih 
topoloski  ekvivalentnih  tvorevina.  Postavimo  je  na  kruznicu.  Aritmeticki  strojevi 
ostaju  u principu  isti,  ali  ucenicima  se  moze  pokazati  da  rezultati  postaju  neoceki- 
vano  drukciji.  Na  primjer  da  je  zbroj  dva  broja  veci  od  0 jednak  0. 

(5  + 7 = 0)  kako  pokazuje  donja  slika  s 12  izabranih  tocaka  u skupu  P. 


U krugove  s brojevima  mogu  se  ucrtati  imena  polutonova  u kromatskoj  C- 
dur  Ijestvici.  Time  se  otvara  mogucnost  povezivanja  metodike  glazbene  kulture 
i matematike.  Na  gornjoj  slici  prikazano  je  zbrajanje  E + Cis  = F,  na  C-dur 
Ijestvici.  Donja  “bizarna”  tablica  je  tablica  mnozenja  nad  polutonovima  s predz- 
nakom  snizilicama. 
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Uzastupno  dodavanje  polutonovima  C-dur  Ijestvice  za  5 ili  7 polutonova  formi- 
rat  ce  se  niz  Ijestvica  s novim  i novim  predznacima  (povisilicama),  koje  u glazbi 
poznajemo  kao  kvartni  ili  kvintni  krug,  sto  nije  bizarno,  ali  je  u osnovi  izrazena 
aritmetika  na  kruznici.  Glazbeni  primjeri  mogli  bi  metodski  posluziti  za  prosirenje 
pojma  brojevne  crte  i otvaranje  novog  pogleda  na  aritmetiku,  ostvarenog  pomocu 
manipuliranja  s racunalno-grafickim  objektima. 
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Vjestine,  znanja  i sposobnosti  studenata 
uciteljskih  studija 


U ovom  poglavlju  autori  raspravljaju  o rezultatima  istrazivanja  provedenim 
medu  studentima  uciteljskih  odnosno  nastavnickih  studija.  Istrazivanjima  se  pro- 
pituju  razine  studentskih  postignuca  u nekim,  za  struku,  vaznim  vjestinama  i znan- 
jima.  Osobito  vaznima  drzimo  rezultate  ispitivanja  koja  su  provedena  s ciljem 
boljeg  upoznavanja  studentskih  strategija  rjesavanja  problema  te  njihovih  sposob- 
nosti prostornoga  misljenja. 
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Analiza  resevanja  matematicnih  problemov 

z induktivnim  sklepanjem 

pri  studentih  razrednega  pouka 


Vida  Manfreda  Kolar  in  Tatjana  Hodnik  Cadez 
Faculty  of  Education,  University  of  Ljubljana,  Slovenia 


Povzetek.  Induktivno  sklepanje  je  del  procesa  raziskovanja,  kjer 
posameznik  lahko  na  osnovi  opazovanja  posameznih  primerov  sklepa 
(ceprav  ne  z absolutno  gotovostjo)  o resnicnosti  nekega  splosnega 
principa.  Didakticno  sklepanje  je  po  drug!  strani  metoda,  ki  jo 
uporabljamo,  ko  zelimo  s popolno  gotovostjo  demonstrirati  resnicnost 
principa.  Obe  metodi  sta  nepogresljiva  dela  matematicnega  sklepanja. 
Ko  V prvih  letih  solanja  razvijamo  matematicno  misljenje,  imamo  naj- 
pogosteje  opraviti  s situacijami,  kjer  morajo  otroci  sklepati  induktivno. 
Induktivno  sklepanje  se  v soli  uporablja  tako  kot  strategija  pri  ucenju 
osnovnih  matematicnih  pojmov  kot  tudi  pri  resevanju  problemov.  V 
procesu  izobrazevanja  bodocih  uciteljev  dajemo  poudarek  tudi  na  razvi- 
janju  sposobnosti  za  resevanje  problemov  prek  induktivnega  sklepanja. 
Prepricani  smo,  da  lahko  le  ucitelji,  ki  so  kompetentni  pri  uporabi 
induktivnega  sklepanja,  pri  pouku  matematike  organizirajo  take  ucne 
situacije,  ki  bodo  prispevale  k razvoju  teh  kompetenc  tudi  pri  ucencih. 

V prispevku  so  predstavljeni  rezultati  raziskave,  ki  smo  jo  izvedli 
med  studenti  razrednega  pouka,  in  s katero  smo  preverjali  njihove 
kompetence  za  induktivno  sklepanje.  Studenti  so  resevali  matematicni 
problem,  ki  je  omogocal,  da  se  je  do  resitve  in  oblikovanja  posplositev 
prislo  z uporabo  induktivnega  sklepanja.  Njihove  resitve  so  bile 
analizirane  iz  razlicnih  zornih  kotov:  z vidika  razumevanja  problemske 
situacije,  z vidika  globine  resevanja  problema  ter  z vidika  strategy,  ki 
so  bile  pri  tem  uporabljene.  Analizirali  smo  tudi  odnos  med  globino  in 
strategijo  resevanja  ter  ugotovili,  da  niso  vse  strategije  enako  ucinkovite 
pri  iskanju  posplositev  problema.  Studenti  so  se  pogosteje  posluzevali 
strategy,  ki  niso  bile  vezane  na  osnovni  kontekst  problema,  ohranjanje 
konteksta  pri  prehajanju  v visje,  abstraktnejse  faze  resevanja  se  je  celo 
izkazalo  za  manj  ucinkovito  kot  zgolj  ukvarjanje  s stevili. 


Kontakt  adrese: 
Dr.  Vida  Manfreda  Kolar 
teaching  assistant 
Faculty  of  Education 
University  of  Ljubljana 
Kardeljeva  pi.  16,  1000,  Ljubljana,  Slovenia 
vida.manfreda-kolarOpef . uni-1 j .si 
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Tamtojeloltek  geometriai 
fogalmainak  vizsgalata 


Szilagyine  Szinger  Ibolya 

Eotvos  Jozsef  Foiskola,  Baja,  Hungary 


Osszefoglalo.  Tanitoszakos  hallgatokkal  vegzett  munkank  soran 
tobbszor  tapasztaltuk,  bogy  mennyire  idegenkednek  a geometriatol. 
Elofordul,  bogy  tanitojeloltek  - akik  matematikabol  erettsegiztek  - 
alapveto  geometriai  fogalmakkal,  mint  peldaul  a teglalap,  negyzet, 
parbuzamossag,  merolegesseg,  tengelyes  szimmetria,  nincsenek  telje- 
sen  tisztaban.  Van  olyan  ballgato,  aki 

• az  altalanos  paralelogrammat  a teglalapokboz  sorolja, 

• az  altalanos  paralelogramma  atloit  szimmetrlatengelyeknek 
veil, 

• nem  tudja,  bogy  a negyzet  egyben  teglalap  is, 

• a negyzet  szomszedos  oldalait  parbuzamosnak  tartja  (valoszinuleg 
a “szomszedos”  szot  nem  ertelmezi  ebben  az  esetben  megfeleloen) 
stb. 

Ezeknek  a problemaknak  a gyokerei  feltebetoleg  az  also  tagozatos 
tanulmanyaikra  nyulnak  vissza.  Az  elozoekben  embtett  problemak 
adtak  az  indittatast  arra,  bogy  ezeket  a fogalmakat  vizsgaljuk  negyedik 
osztalyos  fejleszto  tanitasl  kiserlet  kereteben.  Az  oktatasi  kiserlet 
celja  a negyzet,  teglalap,  parbuzamossag,  merolegesseg  es  szimmetria 
fogalmak  fejlesztese  a van  Hiele-modell  szerinti  geometriaoktatas  meg- 
valositasaval,  valamint  a van  Hiele-fele  fejlodesi  szintek  realitasanak 
igazolasa  a magyar  also  tagozatos  geometrla  oktatasaban. 

A kiserletet  2006  majus-junlusaban  a bajai  Eotvos  Jozsef  Eoiskola 
Gyakorlo  Altalanos  Iskolajanak  4.c  osztalyaban  vegeztuk,  majd  ezt 
2008  majus-juniusaban  megismeteltuk  az  iskola  4.b  osztalyaban. 

A fejleszto  tanitasi  kiserletet  mindket  alkalommal  egy  felmero 
feladatlappal  zartuk.  A feladatlapot  2006-ban  es  2008-ban  a kiserleti 
osztalyokon  kiviil  a parbuzamos  osztalyok  tanuloi  is  kitoltottek. 

A 2008-as  utoteszt  feladatait  2010-ben  tanrto  szakos  ballgatokkal 
is  megoldattuk.  A 38  nappali  tagozatos  ballgatd  kozul  24  negyedeves 
es  14  masodeves.  Ismertetjuk  a tanitojeloltek  eredmenyeit,  melyeket 
osszebasonlitunk  a negyedik  osztalyos  gyerekek  (56  fo)  2008-as 
eredmenyeivel. 

Kulcsszavak:  matematikadidaktika,  geometriai  fogalmak,  van 

Hlele  szintek 
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A negyzetre  es  teglalapra  vonatkozo  feladatok 


Az  utoteszt  - negyszog,  teglalap,  negyzet  fogalmak  azonosftasaval  kapcsolatos 
- 1.  feladataban  16  sikidom  kdziil  kellett  kivalasztani 

a)  a negyszdgeket; 

b)  a teglalapokat; 

c)  a negyzeteket; 

d)  es  elhelyezni  a sikidomok  betujelet  az  abran  a megfelelo  helyre. 


Sikidomok 


Ezt  a halmazt  kellett  rendezniiik: 


A feladat  megoldasanak  eredmenyesseget  a kbvetkezd  abra  szemlelteti: 

A negyszbgek  felismeresenel  a hallgatok  68%-a  P jelu  sfkidomot  helyteleniil 
a negyszbgekhez  sorolta.  A gyerekek  29%-a  kbvette  el  ezt  a hibat. 
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Hibatlan  megoldasok 


□ tanit6jel6ltek 
■ negyedikesek 

□ kis6rleti  oszt&ly 


A negyedik  osztalyos  gyerekek  ddnto  tdbbsegenek  geometriai  gondolkodasa 
a van  Hiele-fele  2.  szintet  eri  el.  Ezen  a szinten  meg  nem  veszik  eszre  az  alakza- 
tok  kbzbtti  kapcsolatokat.  Megallapftjak  ugyan  az  alakzatok  kbzbs  tulajdonsagait, 
peldaul,  bogy  a negyzet  es  a teglalap  is  4 csuccsal,  4 oldallal  rendelkezik,  szemkbzti 
oldalai  parhuzamosok,  szomszedos  oldalai  merolegesek,  minden  szbgiik  derekszbg, 
de  ebbol  nem  kbvetkezik  szamukra  az,  bogy  a negyzet  teglalap  is  egyben.  A tu- 
lajdonsagok  megallapitasa  csak  az  alakzatok  megkulbnbbztetesehez  sziiksegesek. 
A negyedik  osztalyos  gyerekek  eseteben  ezert  megfelelo  megoldasnak  fogadtuk  el 
azt  is,  ha  nem  soroltak  a negyzeteket  a teglalapokhoz,  de  mas  hibajuk  nem  volt.  A 
tanito  szakos  hallgatoktol  azonban  elvartuk  a negyzetek  teglalapokhoz  sorolasat. 
A negyedikesek  41%-a  (a  kiserleti  osztalyban  21%-a),  mig  a tanitojeloltek  37%-a 
- tipikus  hibakent  - az  altalanos  paralelogrammakat  a teglalapokhoz  sorolta. 

A negyzetek  valogatasaban  a gyerekek  29%-anal,  valamint  a hallgatok  29%- 
anal  egyarant  a hiba  forrasat  az  jelentette,  hogy  a csucsara  allitott  negyzet(ek)ben 
nem  ismertek  fel  a negyzetet. 

A halmazabra  kitbltese  volt  a legeredmenytelenebb  feladatresz.  Gyakori 
hibanak  szamitott,  hogy  egy  betujelzest  tbbb  helyre  is  irtak  (a  gyerekek  21%-a, 
a hallgatok  34%-a).  A tbbbszbrbs  osztalyba  sorolas  a gyerekek  szamara  nehez,  tiil 
absztrakt  feladat,  amely  tiilmutat  a van  Hiele-f6\e  2.  szinten,  ezert  varakozasunknak 
megfelelo  a gyenge  eredmenyiik,  a hallgatok  eseteben  azonban  nem. 

A felmero  feladatlapnak  a negyzet  es  a teglalap  tulajdonsagaira  vonatkozo  fe- 
ladataban  a megadott  allitasok  kbziil  azokat  kellett  alahuzni,  amelyek  igazak 

a)  a negyzetre: 

Szemkozti  oldalai  pdrhuzamosak. 

Szemkdzti  oldalai  merolegesek. 

Szomszedos  oldalai  pdrhuzamosak. 

Szomszedos  oldalai  merolegesek. 
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Mindegyik  szoge  derekszog. 

Nem  mindegyik  szoge  derekszog. 

Pontosan  ket  tUkdrtengelye  van. 

4 tUkdrtengelye  van. 

8 tUkdrtengelye  van. 

Minden  oldala  egyenld  hosszUsdgu. 

Szemkdzti  oldalai  egyenld  hosszuak. 

b)  a teglalapra: 

Szemkdzti  oldalai  pdrhuzamosak. 

Szemkdzti  oldalai  merdlegesek. 

Szomszedos  oldalai  pdrhuzamosak. 

Szomszedos  oldalai  merdlegesek. 

Mindegyik  szdge  derekszdg. 

Nem  mindegyik  szdge  derekszdg. 

4 tUkdrtengelye  van. 

Van  2 tUkdrtengelye. 

Az  dtlok  tUkdrtengelyek. 

Minden  oldala  egyenld  hosszUsdgu. 

Szemkdzti  oldalai  egyenld  hosszuak. 

A feladat  megoldasanak  ertekelesenel  csak  a hibadan  teljesitmenyeket  emeljiik 
ki.  A negyzet  tulajdonsagaira  vonatkozo  valamennyi  igaz  allftast  helyesen  allapftotta 
meg  a negyedikes  tanulok  61%-a,  mig  a tamtojelbltek  45%-a.  A teglalap  eseten 
ezek  az  ertekek  a kbvetkezokeppen  alakultak:  a gyerekeknel  57%,  a hallgatoknal 
47%.  Negyedik  osztalyban  a hibak  forrasat  egyreszt  a szemkdzti,  illetve  szomszedos 
szavak  — meg  mindig  — nem  megfeleld  ertelmezeseben  kell  keresniink,  masreszt 
abban,  bogy  a parhuzamossag  es  a merdlegesseg  fogalma  meg  nem  eleg  stabil.  A 
tamtojeldlteknel  a legtdbb  hiba  a negyzet  es  a teglalap  ttikortengelyei  szamanak 
meghatarozasaban  volt  (21%,  illetve  42%). 


A parhuzamossagra  es  merolegessegre  vonatkozo  feladatok 

A felmerd  feladatlap  2.  es  5.  feladata  kapcsolatos  a parhuzamossag,  valamint  a 
merdlegesseg  fogalomalakulasaval.  Az  5.  feladat  a parhuzamossagot,  illetve  a 
merdlegesseget  a negyzet  es  a teglalap  tulajdonsagainak  vizsgalata  reven  erinti, 
ezzel  az  eldbbiekben  foglalkoztunk. 

A sokszdgek  parhuzamos  es  merdleges  oldalparjainak  felismeresevel  kapcso- 
latos 2.  feladatban  9 alakzatot  kellett  vizsgalniuk,  tovabba 

a)  kiszmezni  azonos  szmnel  az  egymassal  parhuzamos  oldalakat; 

b)  kiszmezni  pirossal  a derekszdgeket; 

c)  felsorolni  a betujelet  azoknak  a sfkidomoknak,  amelyeknek  vannak  parhuzamos 
oldalai; 

d)  felsorolni  a betujelet  azoknak  a sfkidomoknak,  amelyeknek  vannak  merdleges 
oldalai. 
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A vizsgalat  targyai  a kovetkezo  sokszogek  voltak: 


A feladat  megoldasanak  eredmenyesseget  a kovetkezo  abra  szemlelteti: 


Hibatlan  megoldasok 


A jellemzd  hibak  eldfordulasi  aranya: 


tanito- 

jeloltek 

negye- 

dikesek 

kiserleti 

osztaly 

A B jelu  deltoid  szemkdzti  oldalait  parhuzamosnak  talalta. 

8% 

14% 

26% 

A D jelu  hatszognel  a ferde  helyzetu  egyenesek 
parhuzamossagat  nem  jelolte. 

13% 

34% 

26% 

A H jelu  otszog  parhuzamos  egyenesparjat  nem  vette  eszre. 

34% 

34% 

21% 

A B jelu  deltoidnal  nem  csak  egy  derekszoget  talalt. 

8% 

14% 

11% 

A D jeu  hatsognel  nem  jelolte  a derekszoget. 

82% 

23% 

11% 

A H jelu  otszognel  nem  ismerte  fel  a derekszoget. 

45% 

34% 

16% 
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Tengelyes  szimmetriaval  kapcsolatos  feladat 

A felmero  feladatlap  3.  feladataban  a gyerekeknek,  illetdleg  a hallgatoknak  azt  kel- 
lett  elddnteniiik,  hogy  a megadott  sikidomok  kdziil  melyek  tukrdsek  es  egyidejuleg 
pirossal  jeldlniuk  a tiikdrtengelyek  helyet. 

A kdvetkezo  sikidomokat  vizsgaltak: 


A 3.  feladat  megoldasanak  ertekelese: 


tanito- 

jeloltek 

negye- 

dikesek 

kiserleti 

osztaly 

Hibatlan  megoldast  adott. 

5% 

20% 

47% 

1 sikidomnal  hibazott. 

13% 

27% 

32% 

A negyzetnel  2 vagy  annal  kevesebb  szimmetriatengelyt  rajzolt. 

37% 

18% 

0% 

Az  altalanos  rombusznal  csak  1 szimmetriatengelyt  vagy  egyet 
sem  htizott  meg. 

13% 

7% 

0% 

Az  altalanos  paralelogrammanal  rajzolt  tukortengelyt. 

34% 

7% 

0% 

Az  egyeno  oldal  hromszognel  1 szimmetriatengelyt  vagy  egyet 
sem  jelolt 

63% 

73% 

37% 

A negyed  korlapnal  nem  rajzolt  tukortengelyt. 

18% 

30% 

11% 

A szabalyos  hatszognel  nem  talalta  meg  az  osszes  tukortengelyt. 

90% 

55% 

37% 

A teglalapnal  az  atlokat  is  szimmetriatengelynek  tartotta. 

13% 

4% 

0% 

A kiserleti  csoportban  a negyzetnel,  az  altalanos  rombusznal,  a paralelo- 
grammanal  es  a teglalapnal  mindenki  hibatlanul  dolgozott.  A tamto  szakos  hall- 
gatok  kdvettek  el  a legtbbb  hibat. 

Szomoruan  kell  megallapitanunk,  hogy  a tamtojelbltek  szinte  minden  fe- 
ladatban  rosszabb  teljesitmenyt  nyujtottak,  mint  a negyedik  osztalyos  tanulok. 
Megallapitasaink  csak  a vizsgalt  - nem  reprezentativ  - mintakra  vonatkoznak, 
ezert  statisztikai  probakat  nem  vegeztiink.  A feladatlapon  szerepld  feladatok  a 
negyedik  osztalyos  tantervi  kbvetelmenyeknek  felelnek  meg.  A tanitoknak  ezt  a 
tananyagot  el  kell  sajatfttatniuk  a gyerekekkel.  Am  ha  ok  maguk  sem  sajatitottak 
el  megfeleloen,  akkor  hogyan  tanitjak  ezt  a kesobbiekben?  Vajon  a geometriai 
gondolkodasuk  melyik  van  Hiele-f6le  szintet  eri  el? 


Tam'tojeloltek  geometriai  fogalmainak  vizsgalata 
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Ugy  gondoljuk,  hogy  a kdzepiskola  elvegzesevel  realis  elvaras  a diakoktol  a 
negyedik  - a teljes  logikaifelepitesre  vald  torekves,  aformdlis  dedukcio  — szintjenek 
elerese.  Ezen  a szinten  a tanulo  kepes 

• egyszeru  teteleket  megfogalmazni, 

• az  axiomak,  defimciok,  tetelek  lenyeget  es  jelentoseget  felfogni, 

• a bizonyftasok  gondolatmenetet,  a sziikseges  es  elegseges  feltetelek  szerepet 
megerteni. 

Mar  a harmadik  - a lokdlis  logikai  rendezes,  az  informdlis  dedukcio  - szinten 
a tdbbszdrds  osztalyba  sorolas  nem  okoz  problemat.  A kiilbnbbzd  negyszbgek  fo- 
galom  szerinti  osztalyozasat  megertik  a tanulok.  Osszefiiggeseket  latnak  egy  adott 
alakzat  tulajdonsagai  kdzbtt,  illetve  kiilonbozo  alakzatok  kbzbtt.  Ezen  a szinten  a 
negyzet  mar  teglalap,  sot  paralelogramma. 

A tanitojelbltek  16%-a  vegezte  el  hibatlanul  a tdbbszdrds  osztalyba  sorolast. 

Ugy  tunik,  hogy  a tanftdjeldltek  geometria  oktatasaban  vissza  kell  menniink 
sok  esetben  a 2.  szintre.  Meg  az  eddigieknel  is  tdbb  konkret  tevekenyseg  - mint  a 
meres,  hajtogatas,  nyiras,  modellezes,  tukdrhasznalat  stb.  - alkalmazasaval  kell  a 
geometriai  fogalmaikat  a megfeleld  szintre  fejleszteni. 
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3.  meaunarodni  znanstveni  skup 
MATEMATIKA  I DIJETE 


Az  elsoeves  tamto  szakos  hallgatok 
matematika  ismeretei 


Petz  Tiborne  (Toth,  Sz.) 

Nyugat-magyarorszagi  Egyetem,  Apaczai  Caere  Janos  Kar,  Gyor,  Magyarorszag 


Osszefoglalo. 

A magyarorszagi  2010.  majusi  matematika  erettsegi  el- 
szomorito  eredmennyel  zarult  (2,9 1 lett  az  orszagos  atlag  kozepszinten) . 
Ez  az  eredmeny  azt  mutatja,  bogy  a matematika  okozza  tovabbra  is  a 
legnagyobb  nebezseget  az  erettsegizo  diakok  szamara.  Ebbol  kiindulva, 
a tanito  szakra  jelentkezett,  elso  eves  ballgatok  matematikai  ismereteit 
kivanom  felmerni  egy  altalam  osszealKtott  teszt  segitsegevel.  A teszt 
a gyakorlatorientaltsag  jegyeben  az  eletbez  kotodo,  valamint  matem- 
atikai fogalmakkal  megadott,  standard  peldakbol  all.  A kerdesek, 
amikre  valaszt  keresek:  mekkora  szazalekban  oldjak  meg  a felada- 
tokat  a tanitok.  Hiszen  a ballgatok  matematikai  bozzaertese  nagyon 
fontos  a kovetkezo  generaciok  szamara.  Tovabba  vizsgalom,  bogy 
mekkora  a kiilonbseg  a bagyomanyos  matematika  feladatot  es  a 
szovegesen  megfogalmazott,  mas  tudomanyteruletet  is  erinto  feladatot 
megoldok  szamaban,  mert  a mai  felgyorsult  vilagban  a matematikai 
eletszeruseg  kiilonosen  fontos  szerepet  jatszik  a munkaero  piacon. 
Elemzem  azt  is,  bogy  vajon  az  erettsegi  jegyet  befolyasolja-e,  bogy 
a ballgato  gimnaziumbol,  vagy  szakkozepiskolabol  erkezett.  Hiszen 
az  erettsegi  eredmenyek  azt  mutatjak,  bogy  a szakkozepiskolasok 
zomeben  csak  azokat  a feladatokat  tudjak  megoldani,  amelyekbez  az 
altalanos  iskolaban  szerzett  ismeretek  elegendoek. 


„A  tanitas  celja  nem  az  adatok,  hanem  az  ertekek  atadasa.”  (W.  R.  Inge) 
Ezzel  az  idezet  lehetne  a dolgozatom  mottoja.  Hiszen  a magyarorszagi  oktatas 
meg  nem  ment  at  teljesen  azon  az  atalakulason,  amelyet  az  lij  erettsegi  rendszer 
bevezetese  elvarna.  A nagyreszt  frontalis  osztalymunka,  a keves  megnyilvanulasi 
lehetoseg,  a szaraz  tananyag  elveszi  a kedviiket  a diakoknak  a matematikatol.  Amig 
also  tagozaton  a harom  legkedvencebb  tantargy  kbzbtt  szerepel  a matematika,  ad- 
dig  az  idd  eldrehaladtaval,  egyre  lejjebb  csiiszik  a rangletran.  A mechanikusan 
elsajatitott  tudas  nemcsak  a kedvet  veszi  el  a diakoknak  a matematikatol,  hanem 
annak  a veszelyet  is  hordozza,  bogy  olyat  magolnak  be,  amit  nem  ertenek. 

A magyarorszagi  2010.  majusi  matematika  erettsegi  elszomorito  eredmennyel 
zarult  (2,91  lett  az  orszagos  atlag  kozepszinten).  Ez  az  eredmeny  azt  mutatja,  bogy 
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a matematika  okozza  tovabbra  is  a legnagyobb  nehezseget  az  erettsegizo  diakok 
szamara.  Meg  elszomoritobb  kbvetkezmenye  az  erettsegi  eredmenyeknek  az,  bogy 
a szakkbzepiskolasok  zbmeben  esak  azokat  a feladatokat  tudjak  megoldani,  ame- 
lyekhez  az  altalanos  iskolaban  szerzett  ismeretek  elegenddek. 


Kozepszinten 

Szazalek  atlag: 

45,97 

Osztalyzat  atlag: 

2,91 

Kozepszinten: 

Vizsgaszam: 

87422 

Figure  1.  Orszagos  eredmenyek  2010  majusaban 

A gydri  eredmenyek  valamivel  jobbak  lettek.  Ez  talan  annak  kbszbnheto, 
bogy  Nyugat-Magyarorszag  vezetd  regioi  kbzbtt  tartjak  szamon  a gydri  regiot,  es 
iskolak,  fdleg  kdzepiskolak  tekinteteben  Gydr  szereneses  helyzetben  van.  Tdbb 
olyan  gimnaziuma  is  van,  amely  orszagos  szinten  az  elmezdnyhdz  tartozik,  es  szep 
szammal  keriilnek  ki  beldliik  matematika  versenyekre,  illetve  jo  nevu  egyetemekre 
a diakok.  


Kozepszinten 

Szazalek  atlag: 

54,64 

Osztalyzat  atlag: 

3,3 

Kozepszinten: 

Vizsgaszam: 

2371 

Gyori  eredmenyek 


8oo 


B 4 


Figure  2.  Gydri  eredmenyek  2010  majusaban 
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Az  erettsegi  eredmenyekbol  kiindulva,  a tamto  szakra  jelentkezett,  elso  eves 
hallgatok  matematikai  ismereteit  mertem  fel  egy  altalam  dsszeallitott  teszt  segitsege- 
vel.  A teszt  a gyakorlatorientaltsag  jegyeben  az  elethez  kbtodo,  valamint  matem- 
atikai fogalmakkal  megadott,  standard  peldakbol  allt.  A kerdesek,  amikre  valaszt 
kerestem:  mekkora  szazalekban  oldjak  meg  a feladatokat  a tanitok.  Hiszen  a 
hallgatok  matematikai  hozzaertese  nagyon  fontos  a kbvetkezo  generaciok  szamara. 
Tovabba  megneztem,  bogy  mekkora  a kiilbnbseg  a hagyomanyos  matematika  fe- 
ladatot  es  a szbvegesen  megfogalmazott,  mas  tudomanyteriiletet  is  erinto  feladatot 
megoldok  szamaban,  mert  a mai  felgyorsult  vilagban  a matematikai  eletszeruseg 
kiilbnbsen  fontos  szerepet  jatszik  a munkaero  piacon.  A tesztet  58  hallgato  irta 
meg.  Az  erettsegi  jegyeik  atlaga  2,89,  amely  kbzel  azonos  az  orszagos  atlaggal.  A 
felmeresbol  szamolt  atlag  2,62,  amely  alulmulja  az  erettsegi  atlagot. 

A felmeres  feladatai: 

1.  Melyik  az  a szam,  amelybol  kivonva  a 37%-at,  2586-at  kapunk? 

2.  Abrazolja  es  jellemezze  (ertekkeszlet,  zerushely,  monotonitas,  szelsoertek) 
a kbvetkezo  firggvenyt  a valos  szamok  halmazan! 

/(x)  = (x + 2)2-1 

3.  Egy  haromszbg  harom  oldala  3 cm,  4 cm,  es  6 cm.  Mekkorak  a hozza  ha- 
sonlo  haromszbg  oldalai,  ha  a legrbvidebb  oldala  10,5  cm? 

4.  Egy  24  cm  sugarir  kbrben  levb  30  cm  hosszir  hirrhoz  mekkora  kbzepponti 
szbg  tartozik? 

5.  Egy  barany  egy  48  m hosszir  drbtkentessel  kbriilvett  teglalap  alakir  telken 
legel.  A telek  egyik  oldala  kbzvetleniil  a haz  falahoz  csatlakozik.  Hogyan 
valasszuk  meg  a teglalap  oldalainak  meretet,  ha  szeretnenk,  hogy  a barany 
a lehetb  legnagyobb  teriileten  legelhessen? 

6.  Egy  szemuvegeket  forgalmazb  ceg  reklamja  szerint  a vasarlb  annyi  szazalek- 
kal  csbkkentheti  a megvasarolt  szemiivegkeret  arat,  ahany  eves. 

a. )  Hany  szazalekkal  csbkkentheti  a kesz  szemilvege  arat  egy  17  eves 

vasarlb,  ha  a kivalasztott  lencse  60  000  Et-ba,  a keret  pedig  25  000 
Et-ba  keriil? 

b. )  Hany  evesnek  kell  lennie  annak  a vasarlbnak,  aki  a teljes  szemriveg 

arat  17%-kal  szeretne  csbkkenteni  egy  ugyanolyan  szemiiveg  vasarlasa 
eseten,  mint  az  elbzb? 

c. )  Milyen  ertektr  keret  vasarlasa  eseten  erhetne  el  a 17  eves  vasarlb,  hogy 

szemtivegenek  ara  a teljes  ar  10%-aval  csbkkenjen,  ha  60  000  Et-os 
lencsere  van  szirksege? 

7.  Egy  repiilbgep  repirlesi  magassaga  8000 meter,  repiilesi  sebessege  700 km/h. 
Mennyi  ideig  tartbzkodik  egy  szemlelb  szamara  a latbhatar  felett,  ha  eszakrbl 
erkezik,  es  delre  tart?  (A  Ebldet  tekintsirk  6378  km  sugarir  gbmbnek.) 

8.  Zsuzsi  gyalogturat  tervez  barataival.  Turistaterkepen  lemerve  a tervezett 
utvonal  hossza  57  cm.  Mennyi  idb  alatt  teszi  meg  a tarsasag  a kivalasz- 
tott tirrautvonalat,  ha  brankent  atlagosan  3,8  km-t  haladnak,  tovabba  Zsuzsi 
terkepe  1 :40  000  meretaranyu? 
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9.  Energiasziikseglet 

E feladat  lenyege,  hogy  olyan  eteleket  kell  kivalasztani,  amelyek  Zedorszag 
egy  lakojanak  energiasziiksegletehez  igazodnak.  A kdvetkezo  tablazat  azt  mutatja, 
hogy  kiildnbdzo  emberek  eseteben  mennyi  az  ajanlott  energiasziikseglet  kilojoule- 
ban  kifejezve  (kJ). 


AZ  AJANLO TT  NAPI  ENERtilAS/OKSKCU:!  FELNOTrEK  SZAMARA 


FERFIAK 

SOK 

Elelkor 

.Aktivitasi 

Sziikscgcs 

Szukscgcs 

(cvckbcn) 

.szint 

cncrgiamcnnyiscg  (k,Il 

cncrgianicnnyiscg  (kJ) 

18-t6l29-ig 

Konnyu 

10660 

8360 

Mersekett 

11080 

8780 

Nehez 

14420 

9820 

30-tol  59-ig 

Konnyu 

10450 

8570 

Mersekett 

12120 

8990 

Nehez 

14210 

9790 

60  es  afdidtt 

Konnyu 

8780 

7500 

Mersekett 

10240 

7940 

Nehez 

11910 

8780 

e<;yes  koglalkozasoknak  megeei.elo  aktimtasi  szint 


Kbnnyii: 
Boltielado 
Irodai  dolgozo 
H^tartasbeli 


M«rsek(tll: 

Tanar 

Ozletkotd 

Apolo 


Nehez: 

Epitomunkas 
Fizikai  munkds 
Sportolo 


a.  feladat 


Molnar  Karoly  45  eves  tanar.  Mennyi  az  ajanlott  napi  energiasziikseglete 
kJ-ban? 


b.  feladat 

Szalay  Edit  19  eves  magasugro.  Egy  este  nehany  baratja  etterembe  hivja 
Editet  vacsorazni.  Ime  az  etlap: 


ETLAP 

1 adag  ertergiatartalma  Edit 
becsiese  szerint  (kJ) 

Levesek: 

Paradicsomleves 

355 

Gombakrdmieves 

585 

Foetelek: 

Mexikdi  csirke 

960 

Karibi  gyomb^res  csirke 

795 

Zsdly^s  sertesporkdit 

920 

Salatak: 

Buraonyasaldta 

750 

Vegyes  zdidsdgsaldta 

335 

Kuszkusz  saldta 

480 

Desszertek: 

Almas-malnas  leoenv 

1380 

Turotorta 

1005 

Rdpatorta 

565 

Tejes  turmixok; 

Csokoladd 

1590 

Vanilia 

1470 

Az  etteremben  egysegaras  menii  is  kaphato. 


Mcnii 
ara  50  zed 
Paradicsomleves 
Karibi  gyOmbdres  csirke 
R^patorta 
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Edit  minden  nap  feljegyzi,  hogy  mit  evett.  Az  aznap  vacsora  eldttig  elfogyasz- 
tott  etelek  7520  kJ  energiabevitelnek  felelnek  meg.  Edit  azt  szeretne  elerni,  hogy  az 
dsszes  energiabevitele  500  kJ-nal  tbbbel  ne  haladja  meg  vagy  ne  maradjon  alatta 
a szamara  ajanlott  napi  mennyisegnek.  Dbntsd  el,  hogy  vajon  az  egysegaras 
menii  elfogyasztasaval  Edit  a napi  ajanlott  energiasziiksegletehez  kepest  a ±500 
kJ-os  hataron  beliil  marad-e! 

A meres  kiertekelese: 

Parba  allitottam  a standard  feladatokat  a gyakorlatorientalt  feladatokkal.  A 
kiertekeles  ez  alapjan  a kbvetkezo: 


nem 

6/a  feladat 

oldotta 

meg 

14% 

rossz 

otiet 

15% 

megold 

otta 

71%, 

6/b  feladat 

6/c  feladat  "^ofta"^ 

nem  megolci 

oldotta  otta 

meg  21% 

rossz 

27% 

dtlet 

nem  36% 

oldotta 

rossz 

meg 

otlct 

60% 

52% 

Figure  3.  Az  1.  es  a 6.  feladatok  eredmenyessege 

A szazalekszamitasos  feladatok  ahogy  egyre  nehezednek,  annal  kevesbe  sik- 
eresek  a hallgatoknal.  Gyakran  talalkozunk  olyan  akciokkal  a szemesz  szakiizletek- 
ben,  amely  a 6.  feladatban  szerepel.  Jo  pelda  arra,  hogy  ki  tudjuk-e  szamolni,  hogy 
mennyi  kedvezmenyt  is  kapunk  valojaban. 
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2.  feladat 


nem 

oldotta 

meg 

31% 


mcgold 

otta 

33% 


rossz 

otiot 

36% 


megol 

dotta 

5.  feladat 

0%_ 

rossz 

dtlet 

16% 

nem 

oldotta 

meg 

84% 

Figure  4.  A 2.  es  a 5.  feladat  eredmenyessege 


A fiiggvenyek  szelsoertek  helyenek  es  ertekenek  meghatarozasa  altalaban 
menni  szokott  a diakoknak,  de  amint  egy  olyan  feladattal  keriilnek  szembe,  ahol 
ertelmezni  kell  a feladatot,  ismet  bajban  vannak.  Sokuknak  mindegy  volt,  bogy 
adott  keriilet  mellett  mekkora  az  oldalak  hossza,  bogy  maximalis  teriiletet  kapjunk. 


Figure  5.  A 3.  es  a 8.  feladat  eredmenyessege 


A hasonlosaggal  kapcsolatos  kbnnyebb  feladatok  nem  szoktak  problemat 
okozni,  ezt  mutatja  a 3.  feladat  megoldasi  szazaleka  is.  De  azon  csodalkoz- 
tam,  bogy  a terkepes  feladat  eseten  romlott  a megoldasi  arany,  pedig  mar  egesz 
kisiskolas  korban,  kbrnyezetismeretbol  tanulnak  a gyerekek  a terkeprol  olvasni. 
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megold  _ r I I ''ossz 

otta  7.  TGladat  otiet 

_7“/o 


nem 

oldotta 

meg 

33% 


Figure  6.  A 4.  es  a 7.  feladat  eredmenyessege 

A trigonometria  nem  tartozik  a kedvenc  temakdrdk  kdze  a kdzepiskolaban. 
A standard  feladattal  meg  valamennyire  foglalkoztak  a hallgatok,  de  a szdvegesen 
megadottat  mar  lerajzolni  sem  tudtak. 


9/a  feladat 

nem 

megold 

oldotta 

otta 

meg 

47% 

50% 

rossz 

btlet 

3% 

9/b  feladat 

megold 

nem 

otta 

43% 

oldotta 

meg 

52% 

_ rossz 

btlet 

5% 

Figure  7.  A 9.  feladat  eredmenyessege 

Ez  a feladat  a PISA  honlapjan  talalhato,  es  nem  is  a matematikai  feladatok 
kdzdtt,  hanem  a problemamegoldasnal.  Nem  kell  hozza  sok  matematikai  ismeret, 
inkabb  csak  a szbveget  kell  ertelmezni.  Meglepo  eredmenyek  sziilettek. 

A meres  eredmenyeit  ertekelve  elmondhato,  bogy  a foiskolakra  kertild  diakok- 
nak  nincsenek  biztos  ismereteik  matematikabol.  A szdvegesen  megadott  peldak 
pedig  meg  nagyobb  problemakat  okoznak  nekik.  Meg  az  olyan  feladat  is  ahol 
csak  a tablazatbol  kell  adatot  kikeresni,  es  semmi  matematikai  ismeret  nem  kell.  A 
hallgatokkal  valo  kesdbbi  beszelgeteskor  kidertilt,  bogy  a 9.  feladatot  sokan  azert 
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hagytak  ki,  mert  tul  hosszu  volt  a szoveg,  es  meg  tablazat  is  volt  benne,  ezert  ugy 
gondoltak,  bogy  biztosan  nehez.  Ez  pedig  felveti  azt  a problemat,  bogy  a matem- 
atikai  gondok  tbbbsege  vajon  nem  abbol  adodik-e,  bogy  a tanulok  - nem  csak  az 
en  hallgatoim  - nem  ertik  a feladatok  szbveget?  Hiszen  az  ilyen  tipusti  felada- 
toknal  a tanulonak  kell  a szbvegbol  szerzett  informaciok  alapjan  a modellalkotast 
elvegeznie.  Ehhez  pedig  elengedhetetlen  az,  bogy  megertse  amit  olvas. 

Mi  lehet  a gond? 

Az  also  tagozatosok  meg  jol  szerepelnek  a diakok  a szbvegertesi  feladatokban, 
de  kesobb  a PISA  eseteben  epp  ebben  teljesitettunk  a legrosszabbul.  Negyedik 
osztaly  utan  mar  nem  fejlesztiink  bizonyos  kepessegeket  - igy  az  olvasaset  sem. 
Ezzel  szemben  a hangsiily  a specialisabb,  szaktargyi  tudasra  helyezodik  at.  Az- 
zal,  bogy  az  olvasas  fejleszteset  abbahagyjak,  a lakossag  kbreben  tbmeges  lesz  a 
funkcionalis  analfabetizmus. 

Masik  fontos  kerdes,  bogy  mit,  es  hogyan  tanitsunk  a matematika  orakon? 

Nem  jo  kizarolag  praktikus  ismereteket  tanitani  komolyabb  lexikalis  tudas 
nelkiil.  Ha  csak  a defmicio  fogalma  van  meg  a tanulokban,  a fogalom  kepzete 
nines,  es  nem  tudjak  peldakhoz  kbtni,  akkor  csak  bemagolt,  jelentes  nelkiili 
ismeret  lesz.  Ezzel  szemben,  ha  tbreksziink  eletbol  vett  peldakat  bevinni  az 
orankra,  segithetjuk  a diakokat  a megertesben.  Elmenyt  jelenthet  szamukra  a 
valos  problemak  vizsgalata,  s igy  ismerkedve  a matematikai  bsszefiiggesekkel. 
Kbnnyebb  a hosszutavii  memoriabol  feleleveniteni  a defmiciokat,  ha  adott  sz- 
ituaciohoz  kapcsolodnak.  Nalunk  az  iskolai  munka  sokszor  nem  alkalmazkodik 
a gyerekek  fejlodesi  sajatossagaihoz,  eldzetes  tudasahoz.  A tanulok  gyakran 
kenyszeriilnek  olyasminek  a megtanulasara,  amit  nem  ertenek  meg.  Ezeket  a 
problemakat  ha  sikeriil  legyozni,  akkor  talan  elerhetjiik,  bogy  a diakok  ismet 
pozitivan  viszonyuljanak  a matematikahoz. 


Irodalom 
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3.  meaunarodni  znanstveni  skup 
MATEMATIKA  I DIJETE 


Kompetentnost  studenata  uciteljskih  studija 
za  izvodenje  dodatne  nastave  iz  matematike 


Ivanka  Deri,  Zeljko  Gregorovic  i Diana  Moslavac 
Uciteijski  fakultet,  Sveuciliste  J.  J.  Strossmayera  u Osijeku,  Hrvatska 


Sazetak.  Ucitelji  razredne  nastave  slobodni  su  odabrati  koje  ce 
izvannastavne  aktivnosti  voditi.  Svoj  interes  usmjerili  smo  na  od- 
abir  dodatne  nastave  matematike  kao  izvannastavne  aktivnosti,  a u 
svojim  istrazivanjima  smo  se  usmjerili  na  studente  zavrsnih  godina 
uciteljskoga  studija  kao  buduce  nositelje  dodatne  nastave  matematike 
u nizim  razredima  osnovnih  skola. 

Ispitali  smo  sposobnost  studenata  zavrsnih  godina  uciteljskog 
studija  za  pripremu  ucenika  osnovnih  skola  za  natjecanja  iz  matematike 
testiranjem  njihove  uspjesnosti  u rjesavanju  zadataka  s regionalnih 
natjecanja  ucenika  cetvrtih  razreda  osnovnih  skola  te  ju  usporedili  s 
uspjesnosti  ucenika  u rjesavanju  istih. 

Istrazivanje,  koje  smo  proveli  na  cetiri  hrvatska  sveucilista  (Osijek, 
Zadar,  Split,  Zagreb)  sa  studentima  zavrsnih  godina  integriranog  pred- 
diplomskog  i diplomskog  sveucilisnog  uciteljskog  studija,  pokazalo  je 
da  su  ucenici  uspjesniji  u rjesavanju  danih  matematickih  problema, 
ali  i da  na  uspjesnost  studenata  utjece  broj  odslusanih  matematickih 
kolegija  na  studiju. 

Kljucne  rijeci:  studenti  uciteljskih  studija,  natjecanja  iz  matem- 
atike, dodatna  nastava  iz  matematike,  matematicki  kolegiji  na 
uciteljskom  studiju 


Uvod 

Svaka  odgojno-obrazovna  ustanova  bi  trebala  organizirati  odgovarajuce  iz- 
vannastavne aktivnosti  s ciljem  ispunjenja  potreba  i interesa  svojih  ucenika.  U 
Republici  Hrvatskoj  je  prema  Zakonu  o odgoju  i obrazovanju  u osnovnoj  i srednjoj 
skoli  propisano  da  se  one  predvide  skolskim  kurikulumom  i godisnjim  planom  i 
programom  rada  skole.  Voditelji  izvannastavnih  aktivnosti  ucenika,  koji  pohadaju 
prva  cetiri  razreda  osnovne  skole,  su  ucitelji  razredne  nastave  koji  sami  biraju  po- 
drucje  kojim  ce  se  dodatno  baviti  sa  svojim  ucenicima.  Prirodno  se  namece  pitanje 
jesu  li  oni  dovoljno  kompetentni  voditi  samoinicijativno  izabranu  izvannastavnu 
aktivnost.  U svojim  istrazivanjima  smo  se  usmjerili  na  studente  zavrsnih  godina 
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uciteljskoga  studija  kao  potencijalne  buduce  voditelje  dodatne  nastave  iz  matem- 
atike  kao  izvannastavne  aktivnosti.  Za  potrebe  ovoga  rada  dodatnom  nastavom  iz 
matematike  smatramo  pripreme  ucenika  za  natjecanja. 

Pretpostavili  smo  da  su  studenti  zavrsnih  godina  uciteljskog  studija  kompe- 
tentni  pripremati  ucenike  nizih  razreda  osnovnih  skola  za  natjecanja  iz  matematike 
te  da  na  njihovu  kompetentnost  utjecu  odslusani  matematicki  kolegiji  na  studiju.  S 
obzirom  na  postavljene  pretpostavke  proveli  smo  istrazivanje  testiranjem  njihove 
uspjesnosti  u rjesavanju  zadataka  s regionalnog  natjecanja  ucenika  cetvrtih  razreda 
osnovnih  skola  te  ju  usporedili  s uspjesnosti  ucenika  u rjesavanju  istih.  Region- 
alno  natjecanje  je  najvisi  stupanj  natjecanja  za  ucenike  osnovnih  skola  u Republici 
Hrvatskoj,  a razmatramo  ga  za  potrebe  ovoga  rada.  Istrazivanje  smo  proveli  na 
cetiri  hrvatska  sveucilista  (Osijek,  Zadar,  Split,  Zagreb)  na  uzorku  (n  = 195)  stu- 
denata zavrsnih  godina  integriranog  preddiplomskog  i diplomskog  sveucilisnog 
uciteljskog  studija.  U nastavku  rada,  pod  pojmom  student  smatramo  studenta 
zavrsnih  godina  uciteljskog  studija,  dok  pod  pojmom  ucenik  smatramo  ucenika 
cetvrtog  razreda  osnovne  skole. 


Okvir  istrazivanja 

Izvannastavne  aktivnosti  se  mogu  odvijati  u skoli  i izvan  nje,  a mozemo  ih  podijeliti 
prema  namjeni  (obrazovne,  umjetnicke,  informativno-poucne)  i prema  nastavnim 
podrucjima  (tjelesna  i zdravstvena  kultura,  prirodoslovlje  i ekologije,  jezicno-  um- 
jetnicko  podrucje,  informaticko-matematicko  podrucje)  (Jurcic,  2008). 

Vodenju  izvannastavnih  aktivnosti  treba  pristupiti  ozbiljno,  jer  bez  potrebnih 
ljudskih  kompetencija  kao  i dobre  koncepcije  i organizacije  same  aktivnosti,  ne 
moze  se  postici  potpunost  realizacije  (Cardy,  Selvarajan,  2006).  Kako  izvannas- 
tavne aktivnosti  ucenici  samostalno  odabiru,  stupanj  njihove  motivacije  je  izrazito 
visok  pa  oni  ovim  oblikom  aktivnosti  puno  lakse  i u puno  vecem  opsegu  usvajaju 
nova  znanja.  Vodeni  uciteljem  motivatorom  ucenici  istrazuju,  otkrivaju  i usvajaju 
vjestine  timskog  rada,  razvijaju  u sebi  osjecaj  odgovornosti  i samopouzdanja  te 
radne  navike  (Siljkovic  et  al,  2007). 

Uciteljeva  uloga  u vodenju  izvannastavnih  aktivnosti  od  iznimne  je  vaznosti. 
Ucitelj  mora  imati  potporu  od  strane  skolske  uprave  kao  i slobodu  izbora  izvannas- 
tavne aktivnosti  koju  ce  voditi.  Osim  toga,  ucitelj  mora  biti  kompetentan  odabrati 
ucenika,  koji  ce  sudjelovati  u izvannastavnoj  aktivnosti  prema  vlastitom  interesu  i 
sposobnostima,  te  biti  strucno  osposobljen  za  vodenje  aktivnosti.  Ovo  posljednje 
mora  biti  usmjereno  u dva  pravca:  (i)  razumijevanje  svrhe  i cilja  izvannastavne 
aktivnosti,  (ii)  sposobnost  za  osmisljavanje  pedagosko-metodickog  programa  iz- 
vannastavne aktivnosti  s drugacijim  pristupom  u odnosu  na redovitu  nastavu  (Jurcic, 
2008). 

Kao  sto  smo  vec  naveli,  jedna  od  uciteljevih  kompetencija  i odgovornosti 
je  odabir  ucenika  koji  ce  sudjelovati  u izvannastavnoj  aktivnosti.  S obzirom 
na  trenutnu  situaciju  u ucionicama,  moze  se  uociti  da  se  daroviti  ucenici  cesce 
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zanemaruju  nego  sto  se  ucitelji  njima  have.  Ucitelji  vise  razmisljaju  o redovi- 
toj  nastavi  nego  o strucnom  usavrsavanju  i razvijanju  svojih  kompetencija  za  rad 
s nadarenim  ucenicima  (Reis,  Renzulli,  2010).  Razmisljamo  li  o matematicki 
darovitim  ucenicima,  oni  se  razlikuju  u trima  osobinama  vezanima  za  matematiku: 
(i)  brzina  ucenja,  (ii)  dubina  razumijevanja,  (iii)  zanimanje  za  predmet.  Na  do- 
datnoj  nastavi  iz  matematike  ucitelji  trebaju  pripremiti  ucenike  za  matematicka 
natjecanja  koja  su  mjesta  na  kojima  ucenik  testira  svoje  sposobnosti  u odnosu  na 
svoje  vrsnjake. 

Aktualni  sustav  natjecanja  za  ucenike  cetvrtih  razreda  osnovnih  skola,  koje 
cemo  razmatrati  u ovom  radu,  u Republici  Hrvatskoj  ukljucuje  sljedece  razine  nat- 
jecanja: skolska  natjecanja,  za  koja  ucitelji  skole  sastavljaju  zadatke,  te  opcinska 
ili  gradska,  zupanijska  i regionalno  natjecanje  za  koja  zadatke  sastavlja  drzavno 
povjerenstvo  pa  su  zadaci  i kriteriji  jedinstveni  za  svaku  kategoriju  natjecatelja 
(Elezovic,  2005).  Na  medunarodnoj  razini  ucenici  cetvrtih  razreda  osnovnih  skola 
iz  Republike  Hrvatske  sudjeluju  na  natjecanju  Klokan  bez  granica,  na  kojem  sud- 
jeluju  ucenici  iz  40-ak  zemalja  u razlicitim  kategorijama. 


Uzorak  — podaci  i varijable 

Nakon  sto  smo  identificirali  problem  upitne  kompetentnosti  studenata  uciteljskih 
studija  kao  buducih  ucitelja  razredne  nastave  za  izvodenje  dodatne  nastave  iz 
matematike,  postavili  smo  dva  smjera  istrazivanja  na  uzorku  studenata  populacije 
od  interesa:  (i)  uspjesnost  u rjesavanju  zadataka  s regionalnog  natjecanja  ucenika 
cetvrtih  razreda  osnovnih  skola,  (ii)  utjecaj  odslusanih  matematickih  kolegija  na 
prethodno  opisanu  uspjesnost.  Prateci  postavljene  smjernice  problema,  osmislili 
smo  istrazivanje  i proveli  ga  na  slucajnom  uzorku  studenata  zavrsnih  godina  in- 
tegriranog  preddiplomskog  i diplomskog  sveucilisnog  uciteljskog  studija  na  cetiri 
hrvatska  sveucilista  (Osijek,  Zadar,  Split,  Zagreb)  i to  u razdoblju  od  listopada  do 
prosinca  2010.  godine. 

Testiranje  uspjesnost!  studenata  u rjesavanju  zadataka  s regionalnog  natje- 
canja ucenika  cetvrtih  razreda  osnovnih  skola  u Republici  Hrvatskoj  proveli  smo 
na  zadacima  koje  smo  preuzeli  sa  regionalnog  natjecanja  odrzanog  u svibnju  2010. 
godine.  Student!  su  za  rjesavanje  zadataka  imali  tocno  90  minuta,  a rjesavali  su  ih 
pod  nadzorom  nastavnika  nekog  matematickog  kolegija  na  tom  sveucilistu.  Ovim 
istrazivanjem  je  obuhvaceno  195  ispitanika.  Nadalje,  podatke  o uspjesnost!  ucenika 
cetvrtih  razreda  osnovnih  skola  u rjesavanju  zadataka  sa  spomenutog  regionalnog 
natjecanja  preuzeli  smo  s web-stranice  Hrvatskog  matematickog  drustva,  gdje  su 
objavljeni  rezultati  ovog  natjecanja  za  2010.  godinu,  na  kojemu  su  ucenici  180  min- 
uta rjesavali  pet  zadataka  i to  pod  nadzorom  ispitnog  povjerenstva  sastavljenog  od 
izabranih  nastavnika  matematike.  Regionalnom  natjecanju  je  te  godine  pristupilo 
153  ucenika. 

Strukture  prethodno  opisanih  uzoraka  studenata  i ucenika  s obzirom  na  ost- 
vareni  broj  bodova  u rjesenjima  pojedinog  zadataka  prikazali  smo  tablicno  po 
zadacima  (Tablica  1 — Tablica  5). 


ZADl 

STUDENTI  (w  = 195) 

UCENICl  (n  = 153) 

Ostvareni  broj 
bodova 

Frekvencija 

Relativna 
frekvencija  (%) 

Frekvencija 

Relativna 
frekvencija  (%) 

28,71795 

21 

13,72549 

0,00000 

12 

7,84314 

9,74359 

4 

2,61438 

0,00000 

1 

0,65359 

3,58974 

7 

4,57516 

1,02564 

3 

1,96078 

3,07692 

3 

1,96078 

1,02564 

1 

0,65359 

2,05128 

2 

1,30719 

2,05128 

8 

5,22876 

48,71795 

91 

59,47712 

Tablica  1.  Struktura  uzoraka  s obzirom  na  ostvareni  broj  bodova 
u prvom  zadatku  (ZADl). 


ZAD2 

STUDENTI  («  = 195) 

UCENICl  (n  = 153) 

Ostvareni  broj 
bodova 

Frekvencija 

Relativna 
frekvencija  (%) 

Frekvencija 

Relativna 
frekvencija  (%) 

0 

104 

53,33333 

27 

17,64706 

1 

0 

0,00000 

11 

7,18954 

2 

2 

1,02564 

28 

18,30065 

3 

1 

0,51282 

1 

0,65359 

4 

0 

0,00000 

2 

1,30719 

5 

8 

4,10256 

4 

2,61438 

6 

2 

1,02564 

1 

0,65359 

7 

14 

7,17949 

2 

1,30719 

8 

13 

6,66667 

2 

1,30719 

9 

0 

0,00000 

1 

0,65359 

10 

51 

26,15385 

74 

48,36601 

Tablica  2.  Struktura  uzoraka  s obzirom  na  ostvareni  broj  bodova 
u drugom  zadatku  (ZAD2). 


ZAD3 

STUDENTI  («  = 195) 

UCENICl  (n  = 153) 

Ostvareni  broj 
bodova 

Frekvencija 

Relativna 
frekvencija  (%) 

Frekvencija 

Relativna 
frekvencija  (%) 

0 

156 

80,00000 

28 

18,30065 

1 

0 

0,00000 

16 

10,45752 

2 

5 

5,56410 

25 

16,33987 

3 

0 

0,00000 

2 

1,30719 
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4 

3 

1,53846 

11 

7,18954 

5 

2 

1,02564 

2 

1,30719 

6 

2 

1,02564 

1 

0,65359 

7 

1 

0,51282 

1 

0,65359 

8 

5 

2,56410 

4 

2,61438 

9 

0 

0,00000 

2 

1,30719 

10 

21 

10,76923 

61 

39,86928 

Tablica  3.  Struktura  uzorka  s obzirom  na  ostvareni  broj  bodova 
u trecem  zadatku  (ZAD3). 


ZAD4 

STUDENTl  («  = 195) 

UCENICl  {n  = 153) 

Ostvareni  broj 
bodova 

Frekvencija 

Relativna 
frekvencija  (%) 

Frekvencija 

Relativna 
frekvencija  (%) 

0 

75 

38,46154 

24 

15,68627 

1 

7 

3,58974 

20 

13,07190 

2 

14 

7,17949 

8 

5,22876 

3 

12 

6,15385 

4 

2,61438 

4 

19 

9,74359 

2 

1,30719 

5 

12 

6,15385 

3 

1,96078 

6 

20 

10,25641 

7 

4,57516 

7 

6 

3,07692 

3 

1,96078 

8 

12 

6,15385 

8 

5,22876 

9 

6 

3,07692 

3 

1,96078 

10 

12 

6,15385 

71 

46,40523 

Tablica  4.  Struktura  uzoraka  s obzirom  na  ostvareni  broj  bodova 
u cetvrtom  zadatku  (ZAD4) . 


ZAD5 

STUDENTl  («  = 195) 

UCENICl  {n  = 153) 

Ostvareni  broj 
bodova 

Frekvencija 

Relativna 
frekvencija  (%) 

Frekvencija 

Relativna 
frekvencija  (%) 

0 

53 

27,17949 

16 

10,45752 

1 

1 

0,51282 

11 

7,18954 

2 

10 

5,12821 

8 

5,22876 

3 

1 

0,51282 

6 

3,92157 

4 

5 

2,56410 

2 

1,30719 

5 

6 

3,07692 

5 

3,26797 

6 

6 

3,07692 

6 

3,92157 

7 

6 

3,07692 

0 

0 

8 

7 

3,58974 

15 

9,80392 

9 

6 

3,07692 

3 

1,96078 

10 

94 

48,20513 

81 

52,94118 

Tablica  5.  Tablica  5 Struktura  uzoraka  s obzirom  na  ostvareni  broj  bodova 
u petom  zadatku  (ZAD5). 
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Struktura  uzorka  studenata  na  kojima  je  provedeno  ovo  istrazivanje  opisana  je 
u donjoj  tablici  (Tablica  6) . 


STUDENTI  (w  = 195) 

Obiljezje 

Kategorija 

Frekvencija 

Relativna 
frekvencija  (%) 

SPOT 

zenski 

188 

96,41026 

muski 

7 

3,58974 

POHADANJE 

da 

141 

72,30769 

GIMNAZIJE 

ne 

54 

27,69231 

ECTS  BODOVI  IZ 

19 

86 

44,10256 

DOSADA  ODSLUSANIH 

16 

58 

29,74359 

MATEMATICKIH 

15 

38 

19,48718 

KOLEGIJA 

11 

13 

6,666667 

Tablica  6.  Struktura  uzorka  studenata. 


Metodologija 

Nakon  prethodno  opisanog  prikupljanja  podataka  provedena  je  statisticka  anal- 
iza  koristeci  Soft  STATISTIC  A 7.0  s ciljem  procjene  populacijskog  parametra  prim- 
jenom  intervala  pouzdanosti  i testiranja  statistickih  hipoteza  izvedenih  iz  hipoteze 
istrazivanja  te  su  doneseni  odredeni  zakljucei  o razmatranim  populaeijama.  Pop- 
ulaeijski  parametar  ocekivanja  smo  procijenili  intervalom  zadane  pouzdanosti  za 
velike  uzorke,  tj.  koristeci  podatke  prikupljene  na  uzorcima  odredili  smo  intervale 
koji  ih  procjenjuju.  Za  potrebe  ovoga  rada  koristena  je  pouzdanost  od  95%  koja 
osigurava  da  slucajno  izabrani  interval  pouzdanosti  sadrzi  populacijski  parametar 
s vjerojatnoscu  od  0,95  (McClave  et  al.,  2001). 

Statisticki  test  za  testiranje  statisticke  hipoteze  provodi  se  primjenom  sljedecih 
koraka  (McClave  et  al.,  2001):  (1)  postavljanje  nulte  hipoteze  Hq  koja  predstavlja 
status  quo,  (2)  postavljanje  alternativne  hipoteze  Hi,  (3)  odabir  odgovarajuce 
test  statistike  koja  ce  bid  primijenjena  kod  odluke  o odbacivanju  nulte  hipoteze, 
(4)  odredivanje  podrucja  odbacivanja  nulte  hipoteze  s obzirom  na  odredeni  nivo 
signifikantnosti  a,  (5)  prikupljanje  podataka,  (6)  izracunavanje  test  statistike,  (7) 
donosenje  odluke  o odbacivanju  nulte  hipoteze,  (8)  zakljucivanje  o populaciji.  Raz- 
ina  signifikantnosti  a,  koja  je  primijenjena  u statistickim  testovima  provedenima 
za  potrebe  ovoga  rada,  je  0,05.  S ciljem  usporedbe  ocekivanja  proved  smo  test  za 
testiranje  hipoteze  o postojanju  razlike  u ocekivanjima  velikih  uzoraka  primjenom 
z-statistike. 


Rezultati 

Koristeci  informacije  iz  uzoraka  za  ostvareni  broj  bodova  u rjesenju  pojedinog 
zadatka,  odredili  smo  neke  mjere  deskriptivne  statistike  i procijenili  ocekivanje 
intervalom  pouzdanosti  95%.  Dobiveni  rezultati  dani  tablicno  (Tablica  7)  daju 
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naznaku  postojanja  razlike  u ocekivanju  broja  ostvarenih  bodova  u rjesenjima  poje- 
dinih  zadataka  izmedu  studenata  i ucenika  i to  u korist  ucenika.  Vazno  je  naglasiti 
da  su  pri  rjesavanju  zadataka  s regionalnog  natjecanja  i ucenici  i student!  koristili 
metode  rjesavanja  zadataka  primjerene  ucenicima  mlade  skolske  dobi. 


STUDENTI  (n  = 195) 

UCENICI  {n  = 153) 

Deskriptivna 

statistika 

uzorka 

Interval 
pouzdanosti 
95%  zaprocjenu 
ocekivanja 

Deskriptivna 

statistika 

uzorka 

Interval 
pouzdanosti 
95%  zaprocjenu 
ocekivanja 

Ocekivanje 

Standardna 

devijacija 

Donja 

granica 

Gornja 

granica 

Ocekivanje 

Standardna 

devijacija 

Donja 

granica 

Gornja 

granica 

ZADl 

5,86667 

4,49543 

5,23174 

6,50159 

7,11765 

4,06030 

6,46911 

7,76618 

ZAD2 

3,95385 

4,45978 

3,32396 

4,58373 

5,77124 

4,37622 

5,07225 

6,47023 

ZAD3 

1,54359 

3,36322 

1,06858 

2,01860 

5,22222 

4,28465 

4,53786 

5,90659 

ZAD4 

3,27692 

3,32830 

2,80684 

3,74700 

6,11111 

4,24195 

5,43356 

6,78866 

ZAD5 

6,16410 

4,37586 

5,54607 

6,78214 

7,00000 

3,86958 

6,38193 

7,61807 

UKUPNO 

20,80513 

12,89502 

18,98387 

22,62638 

31,22222 

12,03461 

29,29999 

33,14446 

Tablica  7.  Deskriptivna  statistika  uzoraka  i procjena  ocekivanja  intervalom  pouzdanosti. 

Prikupljene  numericke  podatke  za  opisane  uzorke  studenata  i ucenika  prikazali 
smo  i graficki  i to  kutijastim  dijagramom  na  bazi  medijana  za  ostvareni  broj  bodova 
u rjesenju  pojedinog  zadatka  s obzirom  na  rjesavace  zadataka  (Slika  1,  Slika  2). 
Takoder,  i iz  ovog  razmatranja  lako  je  uociti  razliku  u ostvarenim  bodovima  i to 
pozitivnu  upravo  na  strani  ucenika. 


Box  & Whisker  Plot  Box  8 Whisker  Plot 

STUDENTI  UCENICI 


Slika  1.  Kutijasti  dijagram  za  ostvareni  broj 
bodova  u rjesenju  pojedinog 
zadatka  za  studente. 


Slika  2.  Kutijasti  dijagram  za  ostvareni  broj 
bodova  u rjesenju  pojedinog 
zadatka  za  ucenike. 


Nadalje,  proveli  smo  jednostrani  test  za  usporedbu  ocekivanja  broja  ostvarenih 
bodova  u rjesenju  pojedinog  zadatka  u velikim  nezavisnim  uzorcima  studenata  i 
ucenika,  pri  cemu  je  alternativna  hipoteza  predstavljala  postojanje  razlike  u oceki- 
vanom  broju  ostvarenih  bodova  i to  u korist  ucenika  {Hi  : > H2),  a formirali 


Kompetentnost  studenata  uciteijskih  studija 


355 


smo  ju  na  osnovi  prethodnih  razmatranja.  Rezultati  testa  dani  tablicno  (Tablica  8) 
na  razini  znacajnosti  a = 0, 05  pokazuju  da  je  ocekivanje  broja  ostvarenih  bodova 
u rjesenju  pojedinog  zadatka  statisticki  znacajno  vece  za  rjesenja  ucenika  u odnosu 
na  rjesenja  studenata,  sto  konacno  ucenike  cini  statisticki  znacajno  uspjesnijima  u 
rjesavanju  svih  danih  zadataka  na  razini  znacajnosti  5%. 


Razmatrano 

obiljezje 

p-vrijednost 

a = 0, 05 

z 

Za  = 1,644854 

^0 

ZADl 

0,0032553383143 

p < a 

2,720888253 

Z>  Za 

odbaciti 

ZAD2 

0,0000686269 

P < a 

3,81306549 

Z>  Za 

odbaciti 

ZAD3 

0 

P < a 

8,71933034 

Z>  Za 

odbacid 

ZAD4 

5,75. ..  10~'2 

P < a 

6,786322167 

Z>  Za 

odbaciti 

ZAD5 

0,02952666 

P < a 

1,887796191 

Z>  Za 

odbaciti 

UKUPNO 

4, 10782519...  10^'^ 

P < a 

7,765870014 

Z>  Za 

odbaciti 

Tablica  8.  Rezultati  jednostranog  testa  za  usporedbu  ocekivanja  broja  ostvarenih  bodova  u 
rjesenju  pojedinog  zadatka  s obzirom  na  rjesavace. 


U nastavku  smo  istrazili  utjecaj  dosada  odslusanih  matematickih  kolegija  na 
uspjesnost  studenata  u rjesavanju  danih  zadataka,  pri  cemu  su  dosada  odslusani 
kolegiji  predstavljeni  sumom  ECTS  bodova  koji  nose  (Tablica  6).  Deskriptivna 
statistika  uzorka  studenata  s obzirom  na  ukupni  broj  ECTS  bodova  iz  dosada 
odslusanih  matematickih  kolegij  a kao  i procjena  ocekivanj  a broja  bodova  ostvarenih 
u rjesenju  pojedinog  zadatka  intervalom  pouzdanosti  95%  (Tablica  9,  Slika  3 - 
Slika  5)  daju  naznaku  da  studenti  s najvecim  brojem  ECTS-a  iz  dosada  odslusanih 
matematickih  kolegija  ostvaruju  najbolje  rezultate. 


ECTS 

D 

ZADl 

ZAD2 

ZAD3 

ZAD4 

ZAD5 

UKUPNO 

Deskriptivna 

statistika 

uzorka 

Ocekivanje 

7,220930 

6,709302 

3,186047 

4,534884 

7,976744 

29,62791 

19 

86 

Standardna 

devijacija 

4,02463 

4,30285 

4,27994 

3,59967 

3,49782 

11,21768 

Interval 

pouzdanosti 

Donja 

granica 

6,35805 

5,78677 

2,26842 

3,76311 

7,22681 

27,22283 

95%  za 
procjenu 
ocekivanja 

Gornja 

granica 

8,08381 

7,63183 

4,10367 

5,30665 

8,72668 

32,03298 

16 

Deskriptivna 

statistika 

uzorka 

Ocekivanje 

4,79817 

1,77982 

0,24771 

2,28440 

4,73394 

13,84404 

15 

109 

Standardna 

devijacija 

4,576065 

3,215581 

1,434728 

2,728762 

4,481737 

9,421385 

Interval 

pouzdanosti 

Donja 

granica 

3,92936 

1,16931 

-0,02469 

1,76633 

3,88305 

12,05531 

11 

95%  za 
procjenu 
ocekivanja 

Gornja 

granica 

5,66697 

2,39032 

0,52010 

2,80248 

5,58484 

15,63276 

Tablica  9.  Deskriptivna  statistika  uzorka  studenata  i procjena  ocekivanja  intervalom 

pouzdanostie. 
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Slika  3.  Linijski  dijagram  za  ocekivanje  broja  bodova  u rjesenju  pojedinog 
obzirom  na  broj  ECTS  bodova  iz  matematickih  kolegija. 


zadatka  s 


Box  & Whisker  Plot  | STUDENTI  | MAT  ECTS  = 19 


BoxS  Whisker  Plot  | STUDENTI  | MAT  ECTS<19 


ZAD1  ZAD2  ZAD3  ZAD4  ZAD5 


I I 25%-75% 
T~  Min-Max 


Slika  4.  Kutijasti  dijagram  za  ostvareni  broj 
bodova  u rjesenju  pojedinog 
zadatka  za  studente  sa  19  ECTS-a 
iz  matematickih  kolegija. 


Slika  5.  Kutijasti  dijagram  za  ostvareni  broj 
bodova  u rjesenju  pojedinog 
zadatka  za  studente  sa  manje  od  19  ECTS-a 
iz  matematickih  kolegija. 


U nastavku  smo  proveli  jednostrani  test  za  usporedbu  ocekivanja  ostvarenog 
broja  bodova  u rjesenju  pojedinog  zadatka  studenata  koji  imaju  19  i onih  koji  imaju 
manje  od  19  ECTS-  a iz  dosada  odslusanih  matematickih  kolegija,  pri  cemu  je  al- 
ternativna  hipoteza  predstavljala  postojanje  razlike  u ocekivanom  broju  ostvarenih 
bodova  i to  u korist  studenata  s 19  ECTS-a  {Hi  : fii  > fj.2),  a formirali  smo  ju  na 
osnovi  prethodnog  razmatranja.  Rezultati  testa  dani  tablicno  (Tablica  10)  na  razini 
znacajnosti  5%  pokazuju  da  su  student!  sa  19  ECTS-a  iz  matematickih  kolegija 
statisticki  znacajno  uspjesniji  u rjesavanju  svih  danih  zadataka. 


Razmatrano 

obiljezje 

p-vrijednost 

a = 0, 05 

z 

Za  = 1,644854 

Ho 

ZADl 

0,000042849868 

P < a 

3,927874986 

z>  za 

odbaciti 

ZAD2 

0 

p < a 

8,851520848 

z>  za 

odbaciti 

ZAD3 

5,24. . . 10““’ 

p < a 

6,101923784 

z>  za 

odbaciti 
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ZAD4 

7,58. ..  10“^ 

p < a 

4,809169076 

z>  za 

odbaciti 

ZAD5 

0,0000000069416 

p < a 

5,674822095 

z>  za 

odbaciti 

Tablica  10.  Rezultati  jednostranog  testa  za  usporedbu  ocekivanja  brqja  ostvarenih  bodova 
u rjesenju  pojedinog  zadatka  za  studente  sa  19  ECTS-a  i manje. 


Zakijucak 

Provedenim  istrazivanjem  utvrdili  smo  trenutno  stanje  kompetentnosti  stude- 
nata zavrsnih  godina  uciteijskih  studija  u Republici  Hrvatskoj  za  pripremu  ucenika 
za  natjecanja  iz  matematike  u sklopu  dodatne  nastave  iz  matematike.  Buduci 
da  smo  uocili  kako  su  ucenici,  koji  su  sudjelovali  na  regionalnom  natjecanju  iz 
matematike,  uspjesniji  u rjesavanju  zadataka  sa  regionalnog  natjecanja  u odnosu 
na  studente  zavrsnih  godina  uciteljskog  studija,  utvrdili  smo  da  trenutne  generacije 
studenata  zavrsnih  godina  uciteijskih  studija  u Republici  Hrvatskoj  nisu  dovoljno 
kompetentne  za  pripremu  ucenika  nizih  razreda  osnovnih  skola  za  natjecanja  iz 
matematike  u svojoj  buducoj  uciteljskoj  praksi.  Osimtoga,  istrazivanje  jepokazalo 
da  matematicki  kolegiji  koji  se  izvode  na  uciteljskom  studiju  pozitivno  utjece  na 
uspjesnost  studenata  u rjesavanju  postavljenih  zadataka  sto  hi  dakako  trebala  biti 
smjemica  uciteljskim  studijima  u Republici  Hrvatskoj  za  razmatranje  svojih  pro- 
grama  osposobljavanja  buducih  ucitelja  za  kvalitetno  izvodenje  nastave  na  svim 
tezinskim  nivoim  primjerenih  ucenicima  nizih  razreda  osnovnih  skola.  Slicno  is- 
trazivanje planiramo  provesti  u sljedecim  generacijama  zavrsnih  godina  uciteijskih 
studija  u Republici  Hrvatskoj  te  na  taj  nacin  evidentirati  eventualnu  promjenu. 
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Sazetak.  U srpnju  2010.  godine  Ministarstvo  znanosti,  obra- 
zovanja  i sporta  RH  donijelo  je  Nacionalni  okvirni  kurikulum  za 
predskolski  odgoj  i obrazovanje  te  opce  obvezno  i srednjoSkolsko 
obrazovanje  (NOK),  s matematickim  podrucjem  kao  jednim  od  osam 
odgojno-obrazovnih  podrucja  u svim  odgoj no-obrazovnim  ciklusima 
i obaveznim  za  sve  ucenike.  Osim  svrhe  i opcih  ciljeva  ucenja  i 
poucavanja  matematike,  uskladenih  s defmicijom  matematicke  kom- 
petencije  iz  Europskog  referentnog  okvira  o kljucnim  kompetenci- 
jama  za  cjelozivotno  ucenje^,  dokument  navodi  i ocekivana  ucenicka 
matematicka  postignuca  na  kraju  svakog  ciklusa.  Organizirana  su  u 
dvije  dimenzije  - konceptualnu  (matematicki  koncepti)  i proceduralnu 
(matematicki  procesi). 

Buduci  da  je  geometrijsko,  a napose  prostorno  misljenje 
vazna  sastavnica  matematicke  kompetencije,  u NOK-u  je  ucenickim 
postignucima  vezanima  uz  koncepte  Oblik  i prostor  i Mjerenje  ponovo 
promisljen  i reafirmiran  njegov  razvoj.  Kvalitetna provedba ovog  dijela 
matematickog  kurikuluma  svakako  podrazumijeva  i visoku  razinu  pros- 
tornog  misljenja  ucitelja  i nastavnika.  Iz  tog  je  razloga  nuzno  ispitati  i 
razinu  prostornog  zora  studenata  nastavnickih  studija  matematike. 

Istrazivanje  cije  rezultate  prikazujemo  nastavakje  naseg  prethodnog 
istrazivanja  prostornog  zora  studenata  nastavnickih  smjerova  matem- 
atike na  PMF  - Matematickom  odsjeku  Sveucilista  u Zagrebu.  Cilj 
je  bio  utvrditi  razinu  studentske  sposobnosti  vizualizacije  prostornih 
odnosa,  konkretno,  presjeka  prostornih  oblika  ravninom.  Studente  smo 


' Dokument  Key  Competences  for  Lifelong  Learning  - A European  Framework  dodatak  je 
dokumentu  Recommendation  of  the  European  Parliament  and  of  the  Council  of  18  December  for 
lifelong  learning  (2006/962/EC). 
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podvrgle  standardiziranom  testu  mentalnog  presijecanja  (eng.  Mental 
Cutting  Test),  a njihove  smo  rezultate  analizirale  i usporedile  s rezul- 
tatima  slicnih  studentskih  populacija  iz  susjednih  drzava  (Njemacka, 
Madarska,  Austrija).  Uz  to,  na  uzorku  studenata  prve  godine  nastavni- 
ckih  studija  matematike  provele  smo  ucenicku  aktivnost  prepoznavanja 
i matematickog  opisivanja  oblika  koje  ulivena  voda  tvori  sa  stranama 
posude  oblika  kvadra  pri  rotaciji  posude  oko  najkraceg  brida  njene 
osnovke.  U priopcenju  prikazujemo  rezultate  navedenog  testiranja 
standardiziranim  testom  te  opisujemo  cilj  i tijek  navedene  ucenicke 
aktivnosti,  kao  i kvalitativnu  analizu  rezultata  njenog  provodenja. 

Kljucne  rijeci:  Nacionalni  okvirni  kurikulum,  matematicka  kom- 
petencija,  prostorno  misljenje,  vizualizacija,  mentalni  presjeci,  stan- 
dardizirani  test  mentalnog  presijecanja,  studenti  nastavnickih  studija 
matematike 
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Sazetak.  U danasnje  je  vrijeme  uobicajeno  govoriti  o tehnologi- 
jom  podrzanom  ucenju  ili  e-ucenju.  No,  unatoc  tome,  postoji  ogranicen 
broj  istrazivanja  koja  nam  odgovaraju  na  pitanje  unaprjeduje  li  zaista 
tehnologija  ucenje,  kvalitetu  poucavanja  i postizanje  ishoda  ucenja. 
Naglasimo,  prije  svega,  da  mi  zagovaramo  stav  da  pedagogija  prethodi 
tehnologiji  i da  postavljanje  obrazovnih  ciljeva  dolazi  prije  nego  od- 
abir  prikladnih  IKT  alata  ili  drugih  medija  za  pomoc  pri  poucavanju. 
Dilema  o adekvatnom  koristenju  i utjecaju  medija  na  ucenje  nije 
nova.  Devedesetih  godina  proslog  stoljeca  bila  je  poznata  “debata  o 
medijima”  koju  su  zapoceli  Richard  Clark  i Robert  Kozma,  nakon  sto 
je  Clark  (Clark,  1983.)  prezentirao  svoje  videnje  uloge  tehnologije  u 
poucavanju  i napisao  da  njen  utjecaj  nije  veci  od  utjecaja  kamiona  za 
prijevoz  namirnica  na  kvalitetu  namirnica  koje  prevozi.  Suprotno  tom 
stavu,  Kozma  (Kozma,  1994.)  je  naglasavao  daje  upotreba  racunalne 
tehnologije  najucinkovitija  kada  podupire  aktivan  angazman  u okvirima 
nastavnog  plana  i programa.  U ovom  cemo  radu  analizirati  literaturu 
koja  se  bavi  pitanjem  iz  naslova.  Nadalje,  prezentirat  cemo  vlastita 
iskustva  vezana  uz  ucenje  i poucavanje  kao  i rezultate  kvalitativnog  i 
kvantitativnog  istrazivanja  koje  smo  proveli. 

Kljucne  rijeci:  tehnologija,  ucenje 


Uvod 

Od  samih  pocetaka  sustavno  organiziranog  procesa  ucenja,  ljudi  su  koris- 
tili  razne  pomocne  instrumente  i alate  kako  bi  podigli  produktivnost  obrazovnog 
procesa.  Dostupnost  i,  naravno,  egzistenciju  tih  pomocnih  instrumenata  diktiralo 
je  vrijeme.  Sto  to  zapravo  znaci?  Uzmimo  na  primjer  fotografiju:  fotografija 
ima  vrlo  vaznu  ulogu  u procesu  ucenja  te  iako  se  najprije  pojavila  kao  crno- 
bijela,  tijekom  godina  postala  je  “obojana”.  Nakon  toga  je  covjek  uspio  dobiti 
slike  u pokretu,  tj.  film.  A danas,  umjesto  da  te  slike  u pokretu  samo  gledamo, 
mozemo  na  njih  utjecati  i stvarati  vlastite  uvjete  i okruzenja  kako  bi  stekli  nova 
saznanja.  Tehnologija  napreduje  strjelovito  i vrijeme  zbog  toga  ima  sredisnju 
ulogu  u raspravi  o tehnologijom  podrzanom  ucenju.  Ne  tako  davno,  kreda  i ploca 
su,  zajedno  s knjigama,  bile  osnovni  instrument  poucavanja,  a danas  ne  mozemo 
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zamisliti  predavanje  bez  upotrebe  digitalnih  prezentacija  na  platnu  ili  ekranu.  Gov- 
oriti  o ucenju  podrzanom  tehnologijom  ili  o e-ucenju  je  danas  uobicajeno  te  se  u 
drustvu  te  sveukupne  tehnologije  jednim  imenom  nazivaju  informacijske  i komu- 
nikacijske  tehnologije  (IKT).  Medu  njima,  racunalne  tehnologije  su  one  koje  su  se 
u posljednjih  nekoliko  desetljeca  iznimno  razvile.  Zbog  njihovog  naglog  razvoja 
ljudi  su  se  poceli  pitati,  utjecu  li  uopce  na  poucavanje  i poboljsavaju  li  ucenje  i 
poucavanje  ili  ne?  Ta  su  pitanja  jos  uvijek  otvorena.  Racunalne  su  tehnologije  u 
nasim  ucionicama  vec  priblizno  tridesetak  godina  pa  ipak  jos  uvijek  postavljamo 
pitanja  o njihovom  utjecaju  na  proces  ucenja.  U ovom  radu  cemo  se  prisjetiti 
poznate  rasprave  izmedu  Richarda  E.  Clarka  (Clark,  1983.)  i Roberta  Kozme 
(Kozma,  1994.)  o utjecaju  tehnologije,  da  bi  se  nakon  toga  upoznali  s najnovijim 
cjelokupnim  pregledom  postignuca  u visokom  obrazovanju  (CSLR  2009.)  glede 
pitanja  iz  naslova.  Nakraju  cemo  pokusati  usporediti  izlozenu  situaciju  s onom  na 
nasem  fakultetu,  Fakultetu  organizacije  i informatike,  Sveucilista  u Zagrebu. 


Cuvena  “rasprava  o medijima” 

Cuvena  “rasprava  o medijima”  bila  je  potaknuta  Clarkovim  clankom  (Clark, 
1983.).  U clanku  izjavljuje  da  uloga  tehnologije  jest,  i da  ce  uvijek  bid  minimalna. 
Stovise,  tvrdi  da  su  instrakcijski  dizajn  i nastavna  praksa  (nastavne  metode)  jezgra 
formalnog  ucenja,  bilo  da  se  radi  o nastavi  u ucionici,  udaljenoj  ili  kombiniranoj 
(hibridnoj)  nastavi.  Nadalje  tvrdi  “da  su  mediji  samo  vozila  koja  isporucuju  nas- 
tavu  i ne  utjecu  na  ucenikova  postignuca  nista  vise  nego  sto  kamion  za  prijevoz 
n ami  mica  utjece  na  nasu  prehranu”.  S dmge  strane,  Kozma  (Kozma,  1994.)  je 
bio  svjestan  razvoja  racunalne  tehnologije  i izjavio  da  se  ne  smijemo  pitati  “Utjecu 
li  mediji  na  ucenje?”,  vec  “Na  koji  nacin  mozemo  upotrijebiti  mogucnosti  medija 
da  utjecemo  na  ucenje?”.  Valja  naglasiti  da  je  to  bilo  1994.  godine,  prije  gotovo 
20  godina  te  10  godina  nakon  Clarkovog  clanka.  Kozma  nije  odvajao  medije 
od  nastavnih  metoda,  vec  je  smatrao  da  imaju  vezani  odnos.  Zakljucio  je  da  je 
upotreba  racunalne  tehnologije  najucinkovitija  kada  su  ucenici  aktivno  angazirani 
u okvirima  nastavnog  plana  i programa.  U njegovom  clanku,  ucenici  su  sami  na 
racunalima  vjezbali  gradivo  iz  fizike  te  provjeravali  svoja  problemska  rjesenja  u ra- 
zlicitim  uvjetima.  Takvi  ucenici  su  postigli  bolje  rezultate  na  testovima  od  onih  koji 
su  pohadali  tradicionalnu  nastavu  u ucionici.  Clark  bi  rekao  da  su  u ovom  primjeru 
iz  fizike  racunala  bila  dio  nastavnih  metoda  te  je  razlika  samo  u tome  koju  metodu 
odaberete.  Moramo  priznati  da  obojica  imaju  smislene  argumente,  cak  i u suvre- 
menom  kontekstu.  Posebice,  uzmemo  li  u obzir  one  clanke  koji  su  bili  pisani  ranih 
osamdesetih,  kad  su  osobna  racunala  jos  uvijek  bila  u povojima,  razumljivo  je  zasto 
Clark  smatra  tehnologiju  i medije  dijelom  nastavnih  metoda.  Zbog  preplavljenosti 
danasnjeg  procesa  ucenja  racunalnom  tehnologijom  i mi  bismo  se  mogli  sloziti 
da  vecina  modemih  metoda  poucavanja  ukljucuje  racunalnu  tehnologiju  te  se  za- 
pravo  sve  svodi  na  odabir  odgovarajuce.  Moramo  se  zapitati  je  li  tehnologija  zaista 
unaprijedila  i poboljsala  proces  ucenja  i pripadne  mu  ishode  ili  je  samo  povecala 
raspolozivost,  dostupnost  i kolicinu  nastavnog  materijala?  A ako  su  obje  ove  izjave 
djelomice  tocne,  kojoj  dajemo  prednost?  To  je  bila  kljucna  stvar  naseg  skromnog 
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istrazivanja  provedenog  medu  studentima  Fakulteta  organizacije  i informatike  o 
kojem  cemo  kasnije  govoriti. 


Racunalne  tehnologije 

Centar  za  proucavanje  ucenja  i ucinkovitosti  (CSLP)  na  Sveucilistu  Concor- 
dia, Kanada,  proveo  je  opsirno  pretrazivanje  medu  clancima  objavljenim  od  1990. 
godine,  a vezanim  uz  racunalnu  tehnologiju  u visokom  obrazovanju  (CSLP,  2009.). 
Cilj  istrazivanja  bio  je  istraziti  postignuti  ucinak  upotrebe  racunalne  tehnologije  u 
ucionicama  visokoobrazovnog  sustava  (nastava  u ucionici).  Istrazivanje  je  naislo 
na  vise  od  6000  potencijalno  odgovarajucih  empirijskih  studija  koje  su  bile  re- 
ducirane  na  uzorak  od  231-e  reprezentativne  studije.  Ovdje  necemo  ici  previse  u 
detalje  ovog  istrazivanja,  vec  cemo  se  samo  osvmuti  narezultate.  Godina  1990.  kao 
donja  vremenska  granica  istrazivanja  bila  je  odabrana  zbog  toga  jer  su  se  racunalne 
tehnologije  kao  suvremene  tehnologije  pojavile  relativno  kasno.  Sve  u svemu, 
rezultati  su  sugerirali  da  je  bolje  upotrebljavati  tehnologiju,  nego  ne  upotrebljavati 
je.  No,  rezultati  nisu  nista  rekli  o tome  koliko  tehnologija  unaprjeduje  postignuca  u 
ucenju  ili  kako  tehnologije  najbolje  podupiru  postizanje  ishoda  ucenja.  Uspjeli  su 
pronaci  tri  dodatna  dokaza  koji  sugeriraju  kako  je  tehnologija  povezana  s ucenjem 
u visokom  obrazovanju.  Prvo,  u analizi  sveukupnih  ucinaka  primjene  tehnologije 
u visokom  obrazovanju,  pronasli  su,  cini  se,  da  upotreba  tehnologije  ima  svojih 
limita  kad  je  u pitanju  utjecaj  na  napredak  u ucenju.  Dakle,  mozemo  povecavati 
broj  tehnoloskih  aplikacija,  ali  ce  u nekom  trenutku  napredak  u ucenju  dosegnuti 
svoju  gornju  granicu.  Drugo,  pronasli  su  da  tehnologije  koje  pomazu  u razumi- 
jevanju,  defmirano  u opcem  smislu,  donose  znatno  bolje  rezultate  od  tehnologije 
koja  se  koristi  samo  za  predocavanje  i dostavljanje  nastavnog  sadrzaja.  Nedvo- 
jbeno  je  da  tehnoloske  aplikacije  koje  zahtijevaju  veci  angazman  nadmasuju  one 
koje  zahtijevaju  manji,  a koji  je  povezan  samo  s prihvacanjem  i pohranjivanjem 
sadrzaja.  Cini  se  da  ovaj  rezultat  podupire  Kozminu  tezu  (1994.)  o prednostima 
tehnologije.  Doduse,  to  ne  iskljucuje  ni  Clarkove  argumente  da  su  metodika  i peda- 
gogija  korijen  uspjeha  u ucenju  te  su  postignuca  mogla  bid  unaprijedena  drugacijim 
nacinom  koji  nema  veze  s tehnologijom.  1 trece,  pronasli  su  razlike  u razinama 
zastupljenosti  tehnologijom.  Uvjeti  slabe  i srednje  zastupljenosti  tehnologijom  u 
ucionicama  vodili  su  do  znatnijeg  prosjecnog  ucinka  od  zastupljenosti  tehnologije 
u ucionicama  u velikoj  mjeri.  Vodeni  ovim  trima  spomenutim  rezultatima  CSLP 
studije,  formirali  smo  upitnik  za  studente  Fakulteta  organizacije  i informatike  koji 
ce  biti  tema  naseg  iduceg  odlomka. 


Istrazivanje  na  Fakultetu  organizacije  i informatike  (FOI), 

Sveucilista  u Zagrebu 

Pokusajmo  najprije  objasniti  o kakvom  se  kontekstu  ovdje  radi.  Glavni  cilj 
Fakulteta  organizacije  i informatike  je  pruziti  studentima  prvorazredno  obrazovanje 
na  podrucju  informacijskih  znanosti  kao  i informacijskih  tehnologija.  Prisutnost 
rijeci  ’tehnologija’  u nastavnom  programu  na  neki  nacin  podrazumijeva  imperativ 
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koristenja  ucenja  podrzanog  tehnologijom  tokom  preddiplomskog  i diplomskog 
obrazovanja  (“koristi  tehnologiju  da  bi  poucavao  o tehnologiji”).  Osim  upotrebe 
IKT-a  u predavaonici,  e-ucenje  je,  prema  odluci  profesora,  takoder  implementirano 
na  Fakultetskoj  razini  od  2006.  godine  temeljem  strategije  i sustavnog  pristupa 
(Strategija  FOI).  Sustav  za  upravljanje  ucenjem  (engl.  Learning  Management  Sys- 
tem - LMS)  koji  se  otad  koristi  je  Moodle  koji  je  zamijenio  nekoliko  sustava 
upotrebljavanih  prije,  ali  ne  sustavnim  nacinom.  Vise  o poucavanju  i okolini  za 
ucenje  na  FOI-ju  moze  se  procitati  u (Divjak  i Erjavec,  2007,  Divjak  i Ostroski, 
2009,  Divjak  et  al  2010.). 

Sto  mozemo  reci  o studentima  koji  upisuju  Fakultet?  Mozemo  pretpostaviti 
da  su  skloni  racunalnoj  tehnologiji,  zbog  cega  imamo  specificnu  situaciju  koju 
vrijedi  usporediti  s rezultatima  studije  o racunalnim  tehnologijama  iz  prijasnjeg 
odlomka.  Zeljeli  smo  vidjeti  koja  su  opazanja  studenata  sto  se  tice  ove  teme.  U 
tu  smo  svrhu  proveli  upitnik  medu  192  studenta  prve  godine  (72%  svih  studenata) 
te  17  studenata  na  predmetu  Diskretne  strukture  s teorijom  grafova  (85%  upisanih 
na  predmet  - peti  semestar  preddiplomskog  i prvi  semestar  diplomskog  studija). 
Do  trenutka  kad  upisuju  Diskretne  strukture  s teorijom  grafova,  studenti  bivaju 
upoznati  s mnogo  vise  e-kolegija  i raznolikoscu  pristupa  ucenju  i poucavanju  nego 
studenti  prve  godine.  Osim  toga,  spomenuti  predmet  je  dobro  opremljen  kvalitet- 
nim  e-materijalima  i IKT  alatima  pa  je  vrlo  korisno  usporediti  rezultate  tih  dviju 
promatranih  studentskih  grupa.  Svjesni  smo  cinjenice  da  postoji  znacajna  razlika  u 
velicini  i vrsti  uzorka  pa  zbog  toga  dajemo  samo  kvalitativnu  interpretaciju  tih  po- 
dataka  kao  i razlike  medu  njima.  Nadalje  cemo  studente  prve  godine  zvati  “mladim 
studentima”,  a drugu  grupu  “starijim  studentima”.  Za  pocetak  smo  htjeli  saznati 
njihova  iskustva  s upotrebom  IKT-a  u ucionici  iz  srednje  skole  (Tabela  1). 


% 

PPt 

prezentacije 

Grafoskop 

Sustav 

za  upravljanje 
ucenjem  (LMS) 

Racunala 

Bez 

tehnologije 

Mladi 

N=  192 

77,1 

76,1 

7,8 

29,2 

10 

Stariji 

N =11 

47,1 

76,5 

0 

23,5 

23,5 

Tabela  1.  Srednjoskolsko  iskustvo  (pitanje  s visestrukim  odgovorima). 

Upotreba  grafoskopa  je  jos  uvijek  nesto  standardno  u srednjoj  skoli,  ali  polako 
biva  istisnuta  PowerPoint  prezentacijama  kao  sto  smo  i spomenuli  prije.  U periodu 
od  dvije  do  tri  godine  (prosjecna  razlika  u starosti  medu  ispitanim  grupama)  pos- 
totak  upotrebe  PPt  prezentacija  se  znacajno  povecao.  Cini  se  da  i LMS-ovi  polako 
pronalaze  svoj  put  u srednje  skole,  sto  nije  bio  slucaj  sa  starijom  grupom.  Nakon 
pitanja  o iskustvu  s tehnologijama,  zeljeli  smo  saznati  njihove  stavove  vezane  uz 
tehnologiju  u nastavi.  Gotovo  85%  mladih  studenata  i svi  stariji  studenti  su  se  slozili 
ili  u potpunosti  slozili  da  upotreba  IKT-a  omogucava  lakse  usvajanje  gradiva.  To 
potvrduje  nasu  tvrdnju  o studentima  sklonim  tehnologiji  (Slika  1). 
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■ Stariji 
■Mladi 


Slika  1.  Stavovi  prema  tehnologiji  (rezultati  u postocima). 

U nastavku  smo  im  dali  otvoreno  pitanje  gdje  su  trebali  navesti  jedan  razlog 
zbog  cega  se  slazu  s prijasnjom  izjavom.  Priblizno  75%  mladih  studenata  i vise 
nego  80%  starijih  studenata  je  napisalo  neku  od  varijanti  izraza  dostupnost  nas- 
tavnog  materijala.  To  pretezno  ide  u korist  Clarkovoj  tezi  da  danas  imamo  samo 
novije  i kvalitetnije  kamione  za  prijevoz  namirnica.  U duhu  ovih  prethodnih  dvaju 
pitanja,  u upitniku  je  studentima  uslijedila  jedna  recenica  koju  su  trebali  zavrsiti 
odabirom  samo  jednog  od  tri  ponudena  zavrsetka  (Tabela  2). 


Smatram  da  IKT 
u nastavnom 
procesu  najvise 
doprinosi  zbog. . . 

(%) 

. . . vece  i lakse 
dostupnosti 
nastavnim 
materijalima. 

. . . materijala  koji 
omogucuju  da 
lakse  razumijem 
gradivo. 

. . . jednostavne 
komunikacije  s 
nastavnicima 
i kolegama. 

Mladi 

64 

32,3 

3,7 

Stariji 

82,3 

11,8 

5,9 

Tabela  2.  Doprinos  IKT-a. 

Dobili  smo  slicne  rezultate  kao  i u prijasnjem  (otvorenom)  pitanju.  Upravo  je 
ovo  bio  sredisnji  dio  upitnika  gdje  smo  mogli  identificirati  njihova  uvjerenja  glede 
doprinosa  tehnologije,  a koji  je  bio  usko  vezan  uz  drugi  rezultat  studije  iz  proslog 
odlomka.  Kao  sto  i mozemo  vidjeti  iz  Tabele  2,  vecina  studenata  obiju  grupa  smatra 
da  je  glavni  doprinos  IKT-a  u isporuci  informacija,  nastavnog  materijala,  alata  te 
kao  baze  podataka.  To  je  stvarnost.  Ali  zbog  cega  imamo  takvu  situaciju?  Ovdje 
valja  napomenuti  da  se  svi  predmeti  na  FOTu  izvode  kao  kombinirani  e-kolegiji. 
To  znaci  da  studenti  imaju  i obilje  iskustva  nastave  u ucionici  i direktne  komu- 
nikacije  s nastavnicima,  kao  i medusobno,  i puno  vise  koriste  LMS  za  materijale  i 
pomocne  alate  nego  za  komunikaciju.  Zbog  toga  su  prilikom  odgovaranja  na  ovo 
pitanje  rangirali  svoje  odgovore  i stavili  na  prvo  mjesto  ono  sto  im  je  ociglednije. 
Po  njihovom  iskustvu,  IKT  se  najvise  koristi  za  isporuku  nastavnog  sadrzaja,  tj. 
nastavnici  najcesce  koriste  IKT  za  isporuku  nastavnog  sadrzaja.  Jedan  od  razloga 
za  ovakvu  situaciju  lezi  u cinjenici  da  je  jos  uvijek  previse  studenata  u predavackim 
i seminarskim  grupama  te  su  nastavnici  prilicno  zainteresirani  za  isporuku  mater- 
ijala putem  LMS-a  kako  bi  ustedjeli  na  vremenu  i pripremili  kvalitetne  zadatke  o 
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kakvima  govori  Kozma  (koji  pomazu  u razumijevanju).  A opet,  s druge  strane,  i za 
stvaranje  e-sadrzaja  nastavnici  trebaju  uloziti  puno  vremena.  Stoga,  da  bi  poduprli 
tvrdnju  o kvalitetnim  materijalima,  pitali  smo  studente  jesu  li  se  ikad  susreli,  tokom 
svog  perioda  studiranja,  s materijalima  koji  su  im  pomogli  u laksem  svladavanju 
gradiva.  Kao  rezultat,  82%  mladih  i 94%  starijih  studenata  je  odgovorilo  da  se  na 
nekim  predmetima  susrelo  s takvom  vrstom  materijala.  Vecina  se,  dakle,  slozila  da 
postoje  izvrsni  pozitivni  primjeri.  Upitali  smo  ih  takoder  i o negativnim  stranama 
upotrebe  IKT-a:  jesu  li  se  susreli  s predmetom  za  koji  bi  mogli  reci  da  sadrzi  tako 
veliku  kolicinu  nesustavno  prezentiranog  materijala  (dokumente,  aplete,  animacije, 
fdmove...)  ponudenog  u sustavu  za  e-ucenje  da  zbog  svoje  opsirnosti  ne  doprinosi 
usvajanju  gradiva.  Otprilike  polovica  obiju  grupa  je  odgovorila  da  se  susrela  s 
barem  jednim  takvim  predmetom.  Ovdje  imamo  primjer  gdje  studentima  pretjer- 
ana  upotreba  IKT-a  u nastavnom  planu  i programu  ne  pridonosi  nuzno  ucenju,  niti 
postizanju  ciljeva  ucenja.  Koji  je  krajnji  cilj  koji  vecina  studenata  ima?  Najvazniji 
cilj  im  je  poloziti  ispit,  a za  vecinu  njih  to  je  i jedini  cilj.  Ukratko:  imate  studente 
orijentirane  prema  tehnologiji  od  kojih  vecina  zeli  uloziti  minimalni  napor  potre- 
ban  za  poloziti  ispite  (pogotovo  matematicke  ispite,  jer  matematika  nije  njihova 
osnovna  djelatnost). 

Nadalje,  stavili  smo  im  i otvoreno  pitanje  o tome  kakve  bi  podrske  vezane  uz 
IKT  voljeli  imati  vise  (postojece  ili  nepostojece).  Neki  odgovori  koji  pokazuju 
“tamnu  stranu”  upotrebe  IKT-a  se  mogu  naci  u Tabeli  3.  Kao  sto  mozemo  vid- 
jeti,  mladi  studenti  zele  imati  sve  na  pladnju  i stavljaju  se  vise  u pasivnu,  nego 
u aktivnu  ulogu.  Na  primjer,  puno  studenata  bi  zeljelo  imati  vise  “skracenijeg” 
materijala  za  pripremu  ispita  i kolokvija.  Jedan  je  student  cak  predlozio  nas- 
tavnicima  da  pripreme  takozvanu  kratku  verziju  zbirke  zadataka  koja  bi  sadrzavala 
samo  one  primjere  zadataka  koji  su  sasvim  dovoljni  za  poloziti  pismeni  dio  ispita 
(zato  jer  je  zbirka  zadataka  preopsirna).  Malo  je  pozornosti  posveceno  oslanjanju 
na  kreativnost,  stoga  nastavnici  trebaju  bid  pazljivi  da  ne  ispune  sve  zelje  stude- 
nata, sputavajuci  na  taj  nacin  njihovu  kreativnost.  Naprotiv,  trebamo  kod  studenata 
podrzavati  kreativnost  i inovativnost  tijekom  studiranja  jer  se  danas  radna  mjesta  i 
karijere  znacajno  oslanjaju  na  njih.  Ohrabrujuce  je  da  su  stariji  studenti  svjesniji 
kompetencija  potrebnih  kod  zaposljavanja  te  imaju  profmjenije  potrebe  pri  ucenju. 


Navedite  neke  od  najkorisnijih  materijala  dostupnih  putem 
sustava  za  e-ucenje  (postojecih  ili  nepostojecih). 

Mladi 

studenti 

(prva 

godina) 

• Krace  elektronicke  prezentacije  samo  sa  sadrzajem  koji  dolazi 
na  ispitu 

• Vise  primjera  rijesenih  kolokvija 

• Skripta  s rijesenim  ispitnim  pitanjima 

• Vise  zadataka  s rjesenjima 

• Popis  prezentacija  i zadataka 

• Graficke  prezentacije  i animacije 

Stariji 

studenti 

• Testovi  za  samoevaluaciju  da  studenti  mogu  provjeriti  svoje  znanje 

• Poveznice  na  zanimljive  stranice 

Tabela  2.  Najkorisniji  IKT  materijal. 
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Zakijucak 

Upotreba  tehnologije  u procesu  poucavanja  je  neizbjezna  jer  je  usla  u sve  as- 
pekte  danasnjeg  zivota  pa  su  studenti  motivirani  uciti  upotrebom  IKT-a.  Rezultati 
istrazivanja  pokazuju  da  tehnoloske  aplikacije  koje  zahtijevaju  vise  angazmana  daju 
bolje  rezultate  prilikom  ucenja.  Ako  nismo  u mogucnosti  stvarati  takva  poboljsanja, 
vec  samim  povecanjem  dostupnosti  nastavnog  materijala  napravili  smo  pozitivni 
pomak.  No,  ne  smijemo  zaboraviti  da  pedagogija  prethodi  tehnologiji  i da  postavl- 
janje  obrazovnih  ciljeva  dolazi  prije  nego  odabir  prikladnih  IKT  alata  ili  drugih 
medija.  Stavljanje  tehnologije  na  prvo  mjesto  moze  imati  suprotan  ucinak  i dovesti 
do  zasicenja  i gubitka  studentskog  angazmana.  U tu  svrhu  trebamo  biti  svjesni 
negativnih  ucinaka  upotrebe  tehnologije.  Na  primjer,  koristi  li  se  tehnologija 
iskljucivo  za  isporuku  materijala  i neposrednih  uputa  kako  poloziti  ispit,  imat  ce 
negativni  ucinak  na  kreativnost  i dublje  razumijevanje  kao  i na  samoangazman 
studenata.  Upravo  zbog  toga  nastavnici  trebaju  upoznati  studente  s razlicitim  pris- 
tupima  poucavanju,  materijalima  i alatima  koji  poticu  kreativnost  i rjesavanje  prob- 
lema.  Napokon,  u postupku  planiranja,  nastavnik  mora  zapoceti  popisom  zeljenih 
ishoda  ucenja  i mogucih  prepreka  koje  se  mogu  pojaviti  tijekom  ucenja  i real- 
izacije  procesa  poucavanja.  Na  temelju  toga  mora  odluciti  o metodama  poucavanja 
i vrednovanja  kao  i gdje  implementirati  tehnologiju  da  hi  se  unaprijedilo  ucenje, 
postigli  ishodi  ucenja  i utjelovio  proces  ucenja.  Poduprijeti  studentsku  kreativnost 
i inovativnost  mora  biti  bezuvjetni  imperativ. 


Literatura 


[1]  Clark,  R.  E.  (1983),  Reconsidering  research  on  learning  from  media.  Review  of 
Educational  Research,  53(4),  445-459. 

[2]  Divjak,  B.,  Erjavec,  Z.  (2007),  Enhancing  Mathematics  for  Informatics  and  its 
correlation  with  student  pass  rates.  International  Journal  of  Mathematical  Education 
in  Science  and  Technology,  39(1),  23-33. 

[3]  Divjak  B.,  Ostroski  M.,  Vidacek  Hains  V.  (2010),  Sustainable  student  retention 
and  gender  issues  in  Mathematics  for  ICT  study.  International  Journal  of  Mathematical 
Education  in  Science  and  Technology,  41  (3),  293-310. 

[4]  Divjak  B.,  Ostroski  M.  (2009),  Learning  outcomes  in  mathematics:  case  study  of 
their  implementation  and  evaluation  by  using  e-learning.  The  second  international 
scientific  colloquium  Mathematics  and  Children  (Learning  outcomes).  Monography. 
April  24,  2009,  Osijek  Editor:  Margita  Pavlekovic.  Element.  65-77. 

[5]  Kozma,  R.  ( 1 994) , Will  media  influence  learning  ? Reframing  the  debate.  Educational 
Technology  Research  and  Development,  42(2),  7-19. 

[6]  Ramsden,  P.  (2003),  Learning  to  Teach  in  Higher  Education.  London:  Routheledge 
Earmer. 

[7]  Schmid,  R.  E,  Bernard,  R.  M.,  Borokhovski,  E.,  Tamim,  R.,  Abrami,  P.  C.,  Wade, 
C.  A.,  SURKES,  M.  A.,  Lowerison,  G,  (2009),  Technology’s  effect  on  achievement 
in  higher  education:  a Stage  I meta-analysis  of  classroom  applications.  Journal  of 
Computing  in  Higher  Education,  21  (2),  95-109. 


368 


Blazenka  Divjak,  Zlatko  Erjavec,  Marija  Jakus  i Bojan  Zugec 


[8]  Strategy  of  e-learning  FOI,  (2007),  Strategija  E-ucenja  Fakulteta  organizacije  i 
informatike,  Varazdin,  Available  at: 

http : //www . f oi .hr/ sluzbe/tajnistvo/dokumenti .html 

[9]  Weller,  M.  (2007),  Virtual  learning  enviroment.  Using,  choosing  and  developing 
your  VLE.  Routherige  Taylor  & Frances  Group. 


Kontakt  adrese: 
Prof.  dr.  sc.  Blazenka  Divjak 
Fakultet  organizacije  i informatike 
Sveuciliste  u Zagrebu 
Pavlinska  2,  HR  - 42  000,  Varazdin 
e-mail:  blazenka.divjak@foi.hr 

Doc.  dr.  sc.  Zlatko  Erjavec 
Fakultet  organizacije  i informatike 
Sveuciliste  u Zagrebu 
Pavlinska  2,  HR  - 42  000,  Varazdin 
e-mail:  zlatko.erjavec@foi.hr 

Marija  Jakus,  asistent 
Fakultet  organizacije  i informatike 
Sveuciliste  u Zagrebu 
Pavlinska  2,  HR  - 42  000,  Varazdin 
e-mail:  mcLrija.jakus@foi.hr 

Bojan  Zugec,  asistent 
Fakultet  organizacije  i informatike 
Sveuciliste  u Zagrebu 
Pavlinska  2,  HR  - 42  000,  Varazdin 
e-mail:  bojan.zugec@foi.hr 


3 


Kako  prema  pozeljnim  ishodima  ucenja  na 
uciteljskim  studijima 


U trecem  poglavlju  monografije  autori  svojim  clancima  nude  odgovore  na  pi- 
tanjafeA:o  prema  pozeljnim  ishodima  ucenja  matematike  i sto  je  “skolska”  matem- 
atika.  Neki  autori  pozeljnije  ishode  ucenja  studenata  uciteljskih  studija  vide  kroz 
cescu  i osmisljeniju  primjenu  informacijskih  tehnologija.  Istrazuju  kakav  je  stav 
studenata  uciteljskih  studija  prema  koristenju  ICT  u nastavi,  promisljaju  o prob- 
lemima,  kriterijima  i metodama  odabira  on-line  materijala  za  nastavu  matematike. 
Drugi  izvjestavaju  o ucinkovitosti  originalnih  pristupa  i postupaka  u nastavi  matem- 
atike, kojima  poticu  studente  prema  visim  razinama  ishoda  ucenja.  Suvremeni 
uvjeti  ucenja  traze  osposobljenog  ucitelja  i ucenika/studenta  za  ucenje  na  daljinu 
i primjenu  inteligentnih  sustava  te  se  predlaze  u iznovljenim  programa  uciteljskih 
studija  pronaci  prilike  za  postizanjem  tih  kompetencija. 


3.  medunarodni  znanstveni  skup 
MATEMATIKA  I DIJETE 
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Povzetek.  Sodobno  poucevanje  in  ucenje  matematike  naj  bi  bilo 
usmerjeno  v dvigovanje  ravni  matematicne  pismenosti.  To  ne  pomeni, 
da  se  odrekamo  matematiki  ali  njenim  teoreticnim  osnovam,  pomeni 
veliko  vec:  kar  se  pri  matematiki  ucimo,  naj  bi  sproti  razumeli  in 
logicno  umescali  med  ze  usvojena  znanja,  hkrati  pa  gradili  miselne 
povezave,  potrebne  za  uporabo  matematike  v vsakdanjem  zivljenju. 
Le  tako  se  lahko  izognemo  nezadostnemu  funkcionalnemu  znanju 
matematicnih  vsebin.  Obenem  moramo  vedeti,  da  je  matematika  v 
funkciji  razvoja  matematicne  pismenosti  pomembna  za  vsakogar,  ne 
le  za  tiste,  ki  Jim  je  matematika  “vsec”  in  uzivajo  v njenih  lepotah  in 
eleganci. 

Matematika  je  res  abstraktna  znanost,  vendar  jo  lahko  priblizamo 
mnogim  dijakom  z ustreznimi  primeri  oziroma  modeli.  Vsak  dijak 
jo  lahko  dozivlja  v stvarnosti,  bolj  ali  manj  nazorni  modeli  pa  ga 
usmerijo  na  pot  k “aksiomom”.  Zavedati  se  moramo,  da  se  zelo  redki 
posamezniki  znajdejo  v abstraktnem  svetu,  velika  vecina  podozivlja  ta 
svet  le  V stvarni  ponazoritvi. 

Kljucne  besede:  poucevanje  in  ucenje  matematike,  matematicna 
pismenost,  abstraktni  svet,  stvarna  ponazoritev 


Uvod 

Vprasati  se  moramo,  s katerimi  smotri  in  cilji  upravicimo  pouk  matematike 
oziroma  kateri  so  razlogi  za  to.  Ali  so  ucni  nacrti  pravi?  Ali  imamo  tehtne  ra- 
zloge  za  reformo  pouka  matematike  in  za  drugacne  pristope  k pouku?  Gotovo 
so  nekateri  temeljni  razlogi  za  poucevanje  matematike  povezani  z razvijanjem  us- 
treznih  funkcionalnih  zmoznosti  ucece  populacije  in  v ozadju  je  premislek,  kaj 
uceca  populacija  sploh  pridobi  v okviru  pouka  matematike. 

Vprasanja  o upravicenosti  poucevanja  matematike  oziroma  o vsebinah,  ki  naj 
bi  se  poucevale  dolocenim  skupinam  ali  na  doloceni  stopnji  solanja,  se  le  redkokdaj 
postavljajo.  Opazna  sta  vsaj  dva  vidika  poucevanja:  eden  je  povezan  s problemom 
preverjanja  znanja  ob  zakljucku  dolocene  stopnje  solanja  (Jensen,  Niss,  Wedege, 
1998),  drug!  pa  z ravnjo  matematicnih  vescin  oziroma  s potrebo  po  visanju  ravni 
vescin  pri  doloceni  populaciji  (OECD,  1995;  OECD,  2000). 
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Potrebe  stvarnosti 

Pri  pouku  matematike  bi  morali  usvojiti  “uporabno”  matematiko  oziroma 
matematiko,  ki  jo  potrebujemo  v vsakdanjem  zivljenju.  Najprej  gre  za  zmoznost 
splosnega  delovanja  v druzbi,  tore]  za  pridobitev  nekih  temeljnih  minimalnih  znanj 
in  spretnosti,  ki  bi  jib  morali  usvojiti  vsi  ucenci,  razen  morda  nekaj  otrok  s 
specificnimi  motnjami.  Vsak  posameznik  bi  moral  nadalje  razviti  kompetence, 
povezane  z delom  oziroma  poklicem,  ki  ga  opravlja.  Vrste  kompetenc,  znanj  in 
spretnosti  so  razlicne  za  razlicne  poklice,  vecinoma  jib  uceca  populacija  pridobi  v 
okviru  specificnega  izobrazevanja.  Pravzaprav  bi  morali  v soli  pridobiti  osnovna 
razumevanja  in  sposobnosti,  na  katerih  bi  lahko  gradili  nadaljnja  specificna  znanja 
in  spretnosti. 

Nekaj  ljudi  potrebuje  in  zeli  usvojiti  specificna  znanja  na  visji  stopnji.  To 
ni  cilj,  ki  bi  si  ga  postavljalo  veliko  ljudi,  vendar  bi  bilo  potrebno  motivirati  cim 
vec  zlasti  mlajsih,  da  bi  si  postavljali  dovolj  visoke  cilje.  Nikakor  pa  ne  sme  ta  cilj 
prevladovati  in  izkrivljati  kurikuluma  za  matematiko  v osnovni  soli. 

V okviru  pouka  matematike  ima  velik  pomen  sam  matematicni  problem,  in 
sicer  tako  resevanje  problema  kot  postavljanje  problema.  Res  je  bilo  doslej  veliko 
bolj  poudarjeno  resevanje  problemov,  pa  se  to  v veliki  meri  rutinskih  proble- 
mov,  medtem  ko  je  bilo  postavljanje  problemov  zanemarjeno.  Za  razumevanje 
problemov  kot  zapisov  problemskih  situacij  in  za  izgradnjo  ustreznih  strategy 
resevanja  sta  resevanje  in  postavljanje  problemov  nelocljivo  povezani.  Z njima 
poiscemo  “matematicne”  povezave  med  na  videz  razlicnimi  problem!  in  pokazemo 
ustvarjalnost  pri  resevanju  le-teh.  S tern  je  nelocljivo  povezana  tudi  samozavest 
posameznika,  ki  z uspesnim  resevanjem  matematicnih  problemov  dokazuje  znanje 
matematike,  izkazuje  sposobnost  njene  uporabe  in  zaupa  v zmoznost  usvajanja 
novih  znanj  in  spretnosti.  Z ucinkovitim  znanjem  matematike  lahko  posameznik 
resuje  tezje  matematicne  probleme  in  se  loteva  novih  izzivov. 

Znanje  matematike,  ki  ga  pridobi  posameznik  v soli,  bi  moralo  zadoscati,  da 
le-ta  uspesno  deluje  v druzbeni  stvarnosti  in  da  pripomore  k izboljsevanju  svojega 
polozaja  in  druzbe  kot  celote.  Posameznik  bi  moral  zaznati,  tolmaciti,  oceniti 
in  kriticno  presojati  matematicne  vidike  stvarnosti,  pa  naj  bo  to  v ekonomskem, 
politicnem  ali  socialnem  smislu. 

Ne  smemo  pozabiti  na  matematiko  kot  del  kulture  in  zgodovine  ter  druzbe 
nasploh.  To  pomeni  razumevanje  matematike  v vsej  njeni  vlogi  in  ne  le  kot  sku- 
pek  znanj  in  spretnosti.  Zal  se  tako  v soli  kot  v samostojnem  ucenju  matem- 
atike najveckrat  le-to  spoznava  v smislu  kopicenja  takih  in  drugacnih  formul 
in  receptov,  kar  ne  odseva  velicine  matematicne  kulture,  ampak  zgolj  drobce, 
izkrusene  iz  matematicnega  mozaika.  Poznavanje  zgodovinskega  razvoja  matem- 
atike, druzbenega  konteksta  zacetkov  matematicnih  pojmov,  njene  simbolike, 
teorije  in  problemov  je  pomembno  ze  zaradi  zavedanja  razvoja  cloveske  kulture, 
pomembno  pa  je  tudi  za  motivacijo  pri  ucenju  oziroma  poglabljanju  znanja  matem- 
atike. 

Posameznik  lahko  sele  po  vec  letih  ucenja  matematike  spoznava  matem- 
atiko kot  disciplino.  Zave  se  kvalitativnega  in  intuitivnega  razumevanja  neka- 
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terih  pojmov,  kot  so  simetrija,  vzorec,  neskoncnost,  struktura,  paradoks,  rekurzija, 
dokaz  ipd.  V matematiki  najdemo  veliko  najglobljih,  najmogocnejsih  in  najvzne- 
mirljivejsih  idej,  ki  jih  je  razvilo  clovestvo. 


Matematicno  izobrazevanje 

Zavedati  se  moramo,  da  “solska”  matematika  ni  enolicno  defmirana,  odvisna  je 
od  druzbenih  vrednot  in  kulturnega  okolja.  Gotovo  ni  identicna  “cisti”  matematiki, 
pac  pa  je  neki  izbor  prirejenih  matematicnih  vsebin.  Izbrano  je  tudi  zaporedje,  po 
katerem  se  usvajajo  te  vsebine,  nacin  poucevanja  in  preverjanja  znanja. 

Koristnost  “ciste”  in  “solske”  matematike  je  v danasnjem  svetu  dalec  pre- 
cenjena,  zato  argument  koristnosti  nima  posebne  teze  pri  upravicevanju  njenega 
poucevanja  skozi  ves  cas  obveznega  solanja,  ceprav  je  splosno  privzeto,  da  je 
matematika  mocno  prisotna  s svojo  druzbeno  uporabnostjo  v skoraj  vseh  segmen- 
tih  sodobnega  zivljenja,  od  izobrazevanja,  gospodarstva,  industrije  itd.  Prakticna 
matematika  se  je  stalno  pomembno  razvijala  ob  “cisti”  matematiki.  Tudi  dandanes 
se  matematicne  studije  s podrocja  racunovodstva,  zavarovalnistva,  managementa  in 
informacijske  tehnologije  pridobivajo  znotraj  strokovnih  institucij  z zelo  majhnim 
vlo3iom  “ciste”  matematike  (Ernest,  2000) . 

Sodobna  dmzba  in  sodobno  zivljenje  sta  globoko  matematizirana,  na  vsakem 
koraku  srecujemo  matematiko,  marsikaj  je  urejeno  z umescenimi  kompleksnimi 
numericnimi  in  algebraicnimi  sistemi,  pa  najsi  bo  to  v veleblagovnicah,  trgov- 
anjem  z delnicam,  davcnem  sistemu,  sistemu  socialnega  varstva,  izobrazevalnem 
sistemu,  industriji  itd.  S temi  avtomatiziranimi  sistemi  opravljamo  zelo  kom- 
pleksne  naloge  zbiranja  podatkov  in  izvrsevanja  dolocenih  dejavnosti,  s pomocjo 
matematike  urejamo  veliko  vidikov  nasega  zivljenja  z zelo  malo  posegi  v sisteme 
in  pregledi  le-teh  potem,  ko  so  vzpostavljeni.  Kljub  temu  pa  ni  potrebe  po  nekem 
vecjem  oziroma  poglobljenem  znanju  matematike,  da  bi  lahko  uspesno  delovali  v 
druzbi,  pri  cemer  seveda  ne  mislimo,  da  bi  obvladovali  te  sisteme.  Uspeh  neke 
populacije  na  mednarodnem  preverjanju  znanja  matematike  gotovo  ne  zagotavlja 
gospodarskega  in  druzbenega  razcveta,  je  pa  potrebna  neka  ozka  elita,  ki  nadzira 
delovanje  teh  sistemov,  in  skupina  strokovnjakov,  ki  jih  servisira.  Cilje  splosnega 
matematicnega  izobrazevanja  zato  ne  smemo  postaviti  glede  na  specificne  potrebe 
te  zelo  majhne  skupine  ljudi. 

Kot  kaze,  vecina  ljudi  ne  potrebuje  poglobljenega  znanja  matematike,  manjsina, 
ki  uporablja  znanja  matematike,  pa  si  le-ta  vecinoma  pridobi  izven  solskega  izo- 
brazevanja. Gre  za  neke  vrste  “paradoks  pomembnosti”,  saj  se  v druzbi  socasno 
izkazuje  objektivna  pomembnost  in  subjektivna  nepomembnost  matematike  (Niss, 
1994).  Ceprav  druzba  postaja  vedno  bolj  matematizirana,  se  s tern  matematiziran- 
jem  ukvarja  le  pescica  ljudi.  Zmotno  je  torej  poudarjati,  da  bi  morali  vsi  pridobiti 
kar  najvec  znanja  matematike  zaradi  vedno  vecje  matematiziranosti  druzbe  nasploh. 

V drugi  polovici  20.  stoletja  se  je  tezilo  k vzpostavljanju  boljsega  izo- 
brazevanja, svetovna  javnost  je  postala  pozorna  na  problem  nepismenosti  in 
iskala  poti  za  izkoreninjenje  le-tega.  Ob  tern  je  bilo  izpostavljeno  tudi  ucenje  in 
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poucevanje  matematike,  s katerim  bi  visali  raven  matematicne  pismenosti.  Znano 
je  gibanje  “matematika  za  vse”.  Velika  vecina  ucencev  pa  ne  dosega  pricakovane 
ravni  znanja  in  razumevanja  matematike  ter  ne  razvije  ustreznih  spretnosti  glede 
na  nacrtovan  ucni  nacrt.  Zaradi  tega  so  vedno  glasnejsa  razmisljanja  o diferen- 
ciranem  puku  matematike,  t.  i.  “resno  poucevanje  matematike”  naj  bi  omejili  na 
majhno  skupino  ucencev,  ki  bi  poglabljala  znanje  matematike  oziroma  razvijala 
matematicne  kompetence  ze  z razumnim  vlozkom  svojega  truda  in  casa  (Niss, 
2002).  To  seveda  ne  pomeni,  da  za  veliko  vecino  ucencev  ne  potrebujemo  pouka 
matematike,  pac  pa  da  so  zanje  potrebni  drugacni  pristopi  pri  usvajanju  in  utrje- 
vanju  znanja  matematike  ter  visanju  ustreznih  kompetenc,  ki  pripomorejo  k visanju 
ravni  matematicne  pismenosti. 

V proces  pouka  matematike  bi  morali  vkljuciti  tudi  elemente  razumevanja  in 
zavedanja  matematike,  ne  le  razvijanja  sposobnosti.  Jezik  pouka  matematike  je 
poln  ukazov,  ucenec  mora  opraviti  zdaj  to,  nato  ono  - prakticno  ne  srecamo  pogov- 
ora  o postopku,  vzrokih  za  izbrano  pot  resevanja  problema,  razumevanju  nekega 
pojma  ipd.  Postavlja  se  sicer  vprasanje,  kaj  pomeni  razumevanje  in  zavedanje 
matematike.  Ernest  (2000)  navaja  elemente,  ki  naj  bi  jib  vsebovala  razumevanje 
in  zavedanje  matematike,  med  njimi: 

- kvalitativno  razumevanje  nekaterih  temeljnih  matematicnih  pojmov,  kot  so 
neskoncnost,  simetrija,  struktura,  rekurzija,  dokaz,  kaos,  nakljucnost  itd., 

- razumevanje  glavnih  vej  in  konceptov  matematike  ter  obcutenje  njihove 
povezanosti  in  soodvisnosti,  pa  tudi  enotnosti  matematike, 

- zavedanje,  kako  matematicno  misljenje  pronica  v vsakdanje  zivljenje  in  kje 
vse  je  prisotno,  ceprav  ne  govorimo  o matematiki, 

- kriticno  razumevanje  uporabe  matematike  vdruzbi:  prepoznavanje,  tolmacenje, 
vrednotenje  in  kriticno  ocenjevanje  umescenosti  matematike  v druzbene  in 
politicne  sisteme, 

- zavedanje  zgodovinskega  razvoja  matematike,  druzbenega  konteksta  njenih 
zacetkov,  simbolike,  teorij  in  problemov, 

- obcutenje  matematike  kot  osrednjega  elementa  kulture,  umetnosti  in  zivl- 
jenja,  ki  je  danes  tako  kot  v preteklosti  tesno  povezana  z znanostjo, 
tehnologijo  in  vsemi  vidiki  cloveske  biti. 

Nikakor  pa  ne  bi  smeli  zanemariti  vrzeli  med  postavljenimi  cilji  pouka  matem- 
atike in  ucinkom,  ki  se  izkazuje  kot  rezultat  le-tega.  Najsi  bodo  cilji  pouka  se 
tako  plemeniti,  visoko  leteci  ter  postavljeni  s takimi  in  drugacnimi  nameni,  na 
koncu  mora  biti  preverjeno,  ali  so  bili  dosezeni.  Vsak  premislek  o ucnem  nacrtu 
za  matematiko  mora  vkljucevati  tri  ravni: 

- nacrtovan  oziroma  planiran  ucni  nacrt, 

- sprejet  oziroma  izveden  ucni  nacrt  in 

- “usvojen”  ucni  nacrt,  to  je  ucenceve  pridobitve  in  ucne  izide. 

Prav  ugotovitev,  kateri  cilji  pouka  matematike  so  dosezeni  v solski  praksi,  bi 
morala  prvenstveno  vplivati  na  sam  pouk  matematike.  Ker  je  poucevanje  nacrtovana 
dejavnost,  bi  morali  biti  izrazeni  cilji  tesno  povezani  z realizacijo  ciljev  poucevanja. 
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Ce  te  povezave  ni,  se  pojavlja  neko  neravnovesje  in  neskladnost,  ki  se  izkazujeta  v 
nelagodju  uciteljev  in  ucencev. 


Koliko  abstrakcije? 

Se  vedno  prevladuje  prepricanje  da  so  matematicne  resnice  univerzalne,  neod- 
visne  od  cloveka,  njegove  kulture  in  vrednot  - bile  naj  bi  odkrite,  ne  izumljene. 
Dejansko  pa  tega  ne  moremo  jemati  kot  temelja  matematike  - matematika  se  je 
vendarle  gradila  v druzbenem  okolju  in  je  izdelek  kulture  ter  zmotljiva  kot  vsaka 
druga  veja  znanosti.  Druzbeni  konstruktivizem  poudarja  druzbeni  in  kulturni  izvor 
matematike  ter  postavlja  upravicenost  matematicnega  znanja  na  njegove  kvazi- 
empiricne  temelje.  Potrebno  je  navesti  dve  predpostavki  druzbenega  konstruk- 
tivizma: 

- predpostavko  realnosti:  obstoj  trdnega  fizicnega  sveta,  kot  nam  narekuje 
zdrava  pamet,  in 

- predpostavko  druzbene  stvarnosti:  vsaka  razprava  predpostavlja  obstoj 
cloveske  vrste  in  jezika. 

S predpostavkama  o obstoju  druzbene  in  fizicne  stvarnosti  lahko  postavimo 
nacela  druzbenega  konstruktivizma  tako,  da  prvima  naceloma,  ki  veljata  za  osnovni 
naceli  konstmktivizma,  dodamo  se  stiri: 

- znanja  ne  pridobivamo  na  pasiven  nacin,  pac  pa  ga  ucenec  aktivno  gradi, 

- funkcija  spoznavanja  (kognicije)  je  prilagodljiva  in  sluzi  pri  organizaciji 
izkustvenega  sveta,  ne  pri  odkrivanju  ontoloske  stvarnosti, 

- osebnostne  teorije,  ki  izhajajo  iz  organizacije  izkustvenega  sveta,  se  morajo 
ujemati  z omejitvami,  ki  izhajajo  iz  fizicne  in  druzbene  realnosti, 

- teorije  so  podvrzene  ciklusu  teorija  - napoved  - test  - neuspeh  - prilagoditev 
- nova  teorija, 

- nastajanje  druzbeno  dogovorjene  teorije  o svetu,  druzbeni  vzorci  in  pravila 
o uporabi  jezika, 

- matematika  je  teorija  oblik  in  struktur,  ki  nastane  znotraj  jezika  (Ernest, 
1998). 

Matematicni  koncepti  torej  nastajajo  z abstrakcijo  neposredne  izkusnje  v 
fizicnem  svetu,  s posplosevanjem  in  reflektivno  abstrakcijo  predhodno  izgrajenih 
konceptov,  v iskanju  smisla  ob  pogovoru  z drugimi  ter  z raznimi  kombinacijami  teh 
nacinov.  Matematika  je  veja  znanosti  oziroma  clovekovega  znanja,  tesno  povezana 
z dmgimi.  Jezik  omogoca  oblikovanje  teorij  o druzbeni  in  fizicni  stvarnosti,  le-te  pa 
so  z dialogom  med  ljudmi  in  interakcijo  s fizicnim  svetom  podvrzene  izboljsevanju 
- boljsem  ujemanju  z omejitvami,  ki  izhajajo  iz  fizicne  in  druzbene  stvarnosti. 
Matematika  je  soudelezena  v tern  izpopolnjevanju,  tudi  ujemanje  matematicnih 
struktur  na  podrocjih  izven  matematike  se  stalno  preverja.  Matematika  se  tako 
razvija  ob  resevanju  prakticnih  problemov  druzbe  in  t.  i.  nerazumna  ucinkovi- 
tost  matematike  ni  neki  slucajni  cudez,  pac  pa  posledica  empiricnih  in  jezikovnih 
zametkov  ter  funkcije  matematike  (Ernest,  1998). 
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Potrebno  je  izpostaviti,  da  je  poucevanje  matematike  zelo  odvisno  od  ucitelja, 
njegovih  prepricanj  in  njegovega  pojmovanja  matematike.  Pojmovanje,  kaj  matem- 
atika  sploh  je,  pa  vpliva  na  pojmovanje,  kako  bi  se  morala  predstaviti.  Nacin,  po 
katerem  jo  nekdo  predstavlja,  kaze  na  njegovo  mnenje  o tern,  kaj  je  v matematiki 
najbolj  bistveno.  Odgovor  na  vprasanje,  kateri  je  najboljsi  nacin  poucevanja,  je 
torej  V resnici  podan  v odgovom  na  vprasanje,  za  kaj  gre  pri  matematiki  (Hersh, 
1986). 

V razni  literaturi  o poucevanju  in  ucenju  so  poudarjeni  situacijski  faktorji,  ki 
pogojujejo  tako  uciteljeve  kot  ucenceve  izkusnje  v procesu  izobrazevanja  oziroma 
pri  pouku  matematike  (Cole,  1990).  V posamezni  drzavi  oziroma  skupnosti  so 
prisotne  vrednote,  prepricanj  a in  tradicija  dolocenega  izobrazevalnega  sistema,  ki 
se  izrazajo  v sprejetem  ucnem  nacrtu,  izobrazevalni  praksi,  organizaciji  solskega 
sistema,  pa  tudi  v pricakovanjih  ucencev,  uciteljev,  starsev,  vodstev  sol  in  drugih 
zainteresiranih  subjektov. 

Kdaj  znamo  matematiko 

Kot  smo  ze  poudarili,  je  odgovor  na  vprasanje,  zakaj  naj  bi  se  ucili  matem- 
atiko, odvisen  od  vloge,  ki  jo  ima  matematika  v druzbi,  in  od  same  fdozofije 
matematicnega  izobrazevanja.  Ce  upostevamo  izobrazevalni,  druzbeni  in  politicni 
vidik,  lahko  (uradne)  razloge  za  matematicno  izobrazevanje  razdelimo  v tri  skupine; 
matematicno  izobrazevanje  namrec: 

- prispeva  k tehnoloskemu  in  socialno-ekonomskemu  razvoju  sirse  druzbene 
skupnosti, 

- prispeva kpoliticnemu,  ideoloskemu  inkulturnemu  vzdrzevanju  in napredku 
druzbe, 

- zagotavlja  pogoje,  da  posamezniki  uspesno  delujejo  v razlicnih  druzbenih 
sferah:  izobrazevanju,  poklicu,  zasebnem  in  druzabnem  zivljenju  ter  kot 
drzavljani  nasploh  (Niss,  1996). 

Ko  analiziramo  cilje  matematicnega  izobrazevanja  kot  odsev  potreb  druzbe,  se 
pojavijo  tezave  pri  odkrivanju  in  identificiranju  dejanskega  ucinka  matematicnega 
izobrazevanja  na  te  potrebe.  Vecina  raziskav  s podrocja  matematicnega  izo- 
brazevanja sloni  na  predpostavki,  da  matematicno  izobrazevanje  vsebuje  neke 
“notranje”  vrednote,  pri  cemer  je  misljen  pomen,  ki  naj  bi  se  izkazoval  s pozi- 
tivno  vrednostjo  matematicnega  izobrazevanja,  zajamceno  ze  z dejstvom,  da  gre 
za  izobrazevanje  napodrocju  matematike  (Skovsmose,  2006).  Skovsmose  (2006) 
izpostavlja  to  predpostavko  kot  zagotavljanje,  da  “edukatorji  matematike”  lahko 
delujejo  kot  “ambasadorji”  matematike  in  z gotovostjo  je  delovanje  usmerjeno  v 
splosno  dobro. 

Rezultat  matematicnega  izobrazevanja  naj  bi  se  vendarle  izkazoval  z nekim 
znanjem  matematike.  Kaj  pa  pravzaprav  pomeni,  da  nekdo  zna  matematiko? 
Namesto  pojma  matematicno  znanje  se  bolj  pojavlja  izraz  matematicne  kompe- 
tence,  ko  zelimo  celovito  predstaviti  “izhodno  stanje”  posameznika.  Ernest  (2004) 
razlikuje  med  “koristnostjo”  in  “relevantnostjo”: 
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- Koristnost  pomeni  ozko  pojmovano  uporabnost,  ki  se  pokaze  takoj  ali  v 
kratkem  casu,  ne  da  bi  upostevali  sirsi  kontekst  ali  dolgorocne  cilje.  Utili- 
taristicno  izobrazevanje  prikaze  matematiko  kot  ozko  tehnicno  vedo,  izoli- 
rano  od  vrednot  in  druzbenega  konteksta. 

- Relevantnost  je  vidna  kot  relacija  med  tremi  pojmi  {S,  P,  C),  pri  cemer  je 
S situacija,  dejavnost  ali  objekt,  kateremu  je  pripisana  ta  relevantnost,  P je 
posameznik  ali  skupina  ljudi,  ki  pripisuje  relevantnost  situaciji  S,  C pa  je  cilj, 
ki  pooseblja  vrednote  posameznika  oziroma  skupine  v tern  primeru.  Objekt 
S je  torej  relevanten,  ce  ga  tako  ocenjuje  posameznik  P pri  doseganju  cilj  a 
C.  Primer:  “solska”  matematika  (objekt  S)  je  po  mnenju  mnogih  politikov 
in  odgovornih  za  izobrazevanje  (skupina  P)  relevantna  zaradi  razvijanja 
matematicnih  kompetenc  in  spretnosti,  potrebnih  za  tehnoloske  poklice  (cilj 
C). 

V iskanju  odgovora  na  vprasanje,  kaj  pomeni  znati  matematiko,  je  Ernest 
(2004)  razlikoval  vec  razlicnih  ciljev,  ki  naj  bi  jib  dosegli  z ucenjem  in  poucevan- 
jem  matematike,  in  sicer:  utilitaristicno  znanje,  prakticno  znanje,  povezano  s 
sluzbo,  strokovno  znanje  na  visji  stopnji,  razumevanje  matematike,  matematicna 
samozavest  in  razumevanje  same  matematike  kot  del  kulture.  Ti  cilji  niso  med  se- 
boj  izkljucujoci  in  niso  nujno  pomembni  oziroma  potrebni  za  vse  ucence,  kot  celota 
pa  s pripadajocimi  sposobnostmi  oziroma  zmoznostmi  predstavljajo  “matematicno 
kompetentnost”. 

Kdor  bi  usvojil  vse  te  cilje,  bi  bil  matematicno  kompetenten,  morda  bi  tedaj 
rekli,  da  zna  matematiko  (Wedege,  2009).  Wedege  (2009)  predstavlj a utilitaristicno 
znanje  in  prakticno  znanje,  povezano  s sluzbo,  kot  zmoznosti  “narediti  nekaj” 
(znati,  kako),  torej  koristni  za  ucence  in  studente  kot  bodoce  zaposlene.  Strokovno 
znanje  na  visji  stopnji  je  za  nekatere  koristno,  za  druge  relevantno,  medtem  ko 
je  razumevanje  matematike  relevantno  za  vse  (vedeti,  da) . Matematicna  samoza- 
vest in  razumevanje  same  matematike  kot  del  kulture  predstavlj  ata  afektivno  in 
druzbeno  razseznost  matematicne  kompetentnosti. 


Matematika  v realnem  svetu 

Sodobno  poucevanje  in  ucenje  matematike  naj  bi  bilo  bolj  povezano  z vsak- 
danjim  zivljenjem.  Ena  kljucnih  komponent  naj  bi  bila  samostojna  izgradnja  po- 
jmov  in  konceptov  preko  resevanja  problemov  “realnega”  sveta,  s cimer  postavl- 
jamo  “naravno”  vez  z matematiko.  Z oblikovanjem  modelov,  ki  so  uzavesceni  v 
smislu  matematiziranih  modelov  in  hkrati  prilagojeni  realm  situaciji,  podpiramo 
matematicno  misljenje.  Ta  mocna  vez  z realnim  svetom  zagotavlja  uporabnost  pri- 
dobljenega  znanja,  saj  odkrivamo  realnost  kot  vir  in  kot  podrocje  uporabe.  Otrok 
ob  tern  uporablja  vse  svoje  specificne  zmoznosti  v praksi. 

Model,  ki  je  nastal  iz  konteksta,  ima  jasen  didakticni  pomen  in  ucencu  veliko 
pomeni,  saj  je  osmisljena  reprezentacija  matematicnega  pojma  ali  koncepta.  Primer 
modela  stevilskega  poltraka,  ki  se  nadgradi  v model  realne  osi,  ima  smisel,  ce  ga 
ucenec  usvoji  kot  reprezentacijo  naravnih  in  celih  stevil,  kasneje  kot  reprezentacijo 
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racionalnih  in  koncno  realnih  stevil.  Zaradi  precejsnje  abstraktnosti,  ceprav  gre 
za  dokaj  nazoren  graficni  prikaz,  ga  najbrz  ucenci  ne  razumejo  v zacetnih  letih 
solanja,  ko  sele  usvajajo  pojem  stevila  kot  kolicine.  Ucitelj  mora  bid  previden  pri 
uporabi  modelov,  saj  je  vsiljevanje  ponazoril,  ki  jib  ucenci  ne  povezejo  s pojmom, 
ki  naj  bi  ga  ponazarjala,  nesmiselno  in  celo  skodljivo. 

Primeren  model  je  obicajno  most  med  neformalnim  in  formalnim  znanjem  ter 
podpira  proces  vertikalne  matematizacije.  Freudenthal  (1991)  omenja  horizon- 
talno  matematizacijo  kot  povezavo  med  vsakdanjim  svetom  in  svetom  simbolov, 
medtem  ko  naj  bi  bila  vertikalna  matematizacija  “gibanje”  znotraj  sveta  simbolov. 
Poudarja,  da  ni  ostre  locnice  med  obema  in  da  sta  tako  horizontalna  kot  vertikalna 
matematizacija  pomembni  za  razvoj  osnovnih  matematicnih  pojmov  in  konceptov 
ter  formalnega  matematicnega  jezika. 

Proces  ucenja  se  zacne  z realisticnim  problemom.  Z dejavnostmi  znotraj 
horizontalne  matematizacije  ucenec  zgradi  neformalni  ali  formalni  matematicni 
model.  Z resevanjem  problema,  primerjanjem  postopkov  resevanja  in  tolmacen- 
jem  le-teh  je  ucenec  v fazi  vertikalne  matematizacije,  ki  se  zakljuci  z resitvijo 
problema.  Tolmacenje  resitve  in  strategije  resevanja  pokaze  uporabo  pridobljenega 
matematicnega  znanja. 

Model  je  pomemben  del  ucencevega  matematicnega  razvoj  a,  saj  lahko  isti 
model  uporabi  v razlicnih  kontekstih.  Ucitelj  bi  se  moral  vedno  zavedati  pomena, 
ki  ga  ima  model,  obenem  pa  tudi  dejstva,  da  vsi  ucenci  ne  zgradijo  identicnih 
modelov.  Pouk  bi  moral  biti  naravnan  tako,  da  bi  ustrezal  vsem  ucencem,  ne  glede 
na  to,  kaksen  model  so  zgradili  za  posamezen  matematicni  pojem  oziroma  koncept, 
ce  je  le  ta  model  res  v skladu  z matematicnim  pojmom  oziroma  konceptom. 

Ker  so  le  nekateri  ucenci  zmozni  abstraktnega  misljenja,  so  le  njihovi  mod- 
el! lahko  “dovolj”  abstraktni.  Ti  ucenci  so  na  primerni  stopnji  razvoja  na  primer 
sposobni  razumeti  pojem  neznanke,  crkovne  oznake  za  stevila  ipd.  Ucenci,  ki  ne 
zmorejo  take  abstrakcije,  v bistvu  nikoli  ne  znajo  “racunati”  s crkovnimi  oznakami, 
pac  pa  zgolj  reproducirajo  posamezne  naucene  postopke.  Ker  ne  najdejo  povezave 
med  matematiko,  ki  jo  (po)znajo,  in  kontekstom,  ki  ga  ne  razumejo,  lahko  le 
memorirajo  pravila  in  procedure,  ki  zanje  nimajo  nobenega  smisla. 

Za  ucence,  ki  so  sposobni  abstrakcije,  lahko  izhajamo  tudi  iz  realisticnih  prob- 
lemov,  ki  niso  neposredno  vezani  na  stvarno  situacijo,  saj  jim  abstraktni  svet  ni  tuj 
in  imajo  predstavo  o njem.  Veliko  drugih  ucencev  lahko  razvije  znanja  in  sposob- 
nosti,  ki  jim  omogocajo  uspesno  profesionalno  in  osebnostno  rast,  seveda  pa  je 
zanje  matematicni  svet  vedno  povezan  s stvarno  ponazoritvijo. 


Sklep 

Na  koncu  je  potrebno  poudariti,  da  je  kvaliteten  pouk  matematike  eden  izmed 
najpomembnejsih  faktorjev,  ki  vplivajo  na  ucenceve  in  dijakove  dosezke  oziroma 
znanje  pri  matematiki.  Ce  zelimo  imeti  dober  pouk,  moramo  kvalitetno  izobraziti 
in  doizobrazevati  ucitelja.  Tudi  za  profesorja  matematike,  ki  bo  uspesno  razvijal  pri 
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ucencu  matematicno  znanje  in  pismenost,  je  nujno,  da  najprej  sam  razume  matem- 
atiko,  pri  cemer  ni  misljena  le  sposobnost  rokovanja  z vsebinami  matematike. 
Globlje  mora  razumeti  koncepte  in  procese  ter  le-te  logicno  razloziti  z uporabo 
ustreznega  matematicnega  jezika  in  primerov. 

Zmoznost  (bodocega)  ucitelja,  dapoisce  vecreprezentacij  posameznegapojma 
ali  vsebine  ter  da  uvidi  in  nazorno  pokaze  povezave  med  razlicnimi  matematicnimi 
predstavami  ali  zamislimi,  je  tesno  povezana  z uciteljevo  samozavestjo  oziroma 
zaupanjem  v lastno  znanje  matematike.  Pozitivne  izkusnje  z matematiko  skupaj  z 
ustreznim  zaupanjem  v lastno  znanje  ugodno  vplivajo  tako  na  uspesne  predstavitve 
matematicnih  vsebin  na  nastopih,  ki  jib  imajo  bodoci  ucitelji  matematike,  kot  tudi 
na  kakovostno  poucevanje  matematike.  Tudi  bodoci  profesor  matematike  bi  torej 
moral  imeti  v okviru  studija  najprej  moznost  razumeti  matematiko  in  se  sele  nato 
usmeriti  v didaktiko  matematike.  Mnogi  studenti  imajo  namrec  zakoreninjena  taka 
prepricanja  o matematiki  in  o ucenju,  s katerimi  bi  zelo  te^io  uspesno  poucevali 
matematiko. 
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Szep  kovezesek,  szep  matematika!?! 


Emil  Molnar 

Ml  GeometriaTanszek,  Budapest!  Muszaki  es  Gazdasagtudomanyi  Egyetem,  Magyarorszag 


Osszefoglald.  Iskolas  fiizeteink  “kockas  papirja”,  az  utcak  (fekete- 
feher)  negyzetes  kovezesei  felvethetik  a kovetkezo  jatekos  problemat: 
Hogyan  alaki'tsuk  at  a negyzethdlo  oldalszakaszait,  ugyhogy  az  I'gy 
kapott  oldalak  tovdbbra  is  egyformdk  (egybevdgok)  maradjanak? 
Pontosabban  fogalmazva  megkivanjuk,  bogy  az  uj  minta  minden  egy- 
bevagosaga,  mely  egy  tetszoleges  oldalt  egy  masik  ilyenbe  visz,  kepezze 
a (vegtelenbe  kiterjesztett)  mintat  onmagara  (hagyja  valtozatlanul). 

Kideriil,  hogy  pontosan  14  ilyen  negyszdgminta-ti'pus  van,  neha 
ket  kiilonbozo  alakii  (pi.  fekete  es  feher)  negyszoggel.  Az  ilyen 
kovezesek  gyujtemenye  nagyon  szep  lehet,  esetleg  hasznos  is  utcaink, 
lakasaink  diszes  kovezesere. 

Vdzolommajd  a problema  megolddsdt,  mely  igenyes  es  fontos 
matematika!  fogalmakhoz  vezet  (sokszog-kovezes  sulyponti  haromszo- 
gelese,  szomszedsagi  muveletek,  szomszedsagi  matrix,  a kovezes  szim- 
metriacsoportja,  D-szimbolum,  stb.).  Mindezek  szorakoztato  modon  is 
targyalhatok,  peldaul  egy  kozepiskolai  matematika-szakkorben,  vagy 
egyszerusitve,  latvanyos  abrakkal  az  altalanos  iskolaban  is. 

Prok  Istvan  kollegam  [P]  nagyon  szep  programot  keszitett  az 
euklideszi  srk  kristalycsoportjairol  interaktiv  felhasznalasra  (szabad 
letoltesre),  3-5.  abraink  ezzel  kesziiltek 

Az  ilyenfajta  euklideszi  sikbeli  kovezesek  teljes  osztalyozasa 
(nemcsak  negyszogekkel)  az  egyetemistaknak  is  erdekes  lehet,  talan 
a tisztelt  Hallgatosagnak  is  az.  Ezert  nehany  hivatkozast  is  megadok, 
ahol  meg  tovabbiak  is  vannak. 


Bevezetes 

Az  osszefoglaloban  megfogalmazott  problemat  hosszabb  klserletezessel  veze- 
thetjiik  be.  Negyzethalos  “kockas”  papirral  probalkozva  (az  1.  abra  mereteben),  a 
tanulok  jo  es  hibas  mintakat  keszithetnek,  akar  egyenileg,  akar  csoportos  munkaval. 
Fokozatosan  kbzelitsenek  a helyes  abrakhoz.  A tanar  minel  kevesebbet  segitsen, 
de  a hibakra  mutasson  ra.  Valoszmuleg  a masodik  vagy  harmadik  foglalkozason 
juthatnak  el  a tanulok  ahhoz  a gondolathoz,  melyet  most  mar  tbmbren  megfo- 
galmazunk  (lasd  bovebben  es  reszletesebben  az  [M94]  dolgozatban  tudomanyos 
szinten) . 
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Az  1.  abran  a hagyomanyos  negyzethalos  papiron  A jelek  mutatjak  a (2- 
dimenzios)  negyzetlapok  kbzeppontjait,  0 jelek  mutatjak  az  (l-dimenzios)  elek 
felezopontjait,  a (O-dimenzios)  csucsokat  o jeldli.  Ezekkel  szemben  rendre 

bevezetjiik  a folytonos, szaggatott, pontozott  haromszbgoldalakat. 

Ezzel  megkapjukanegyzethalo  ugynevezettbaricentrikus  (sulyponti)  haromszbgfel- 
bontasat,  melyet  C -vel  jelbliink.  Ez  a fogalom  fontossa  valik  a negyzethalo  leirasa- 
nal  (de  kesobb  a sokszbgekkel  tbrteno  kbvezeseknel,  sot  akar  gbrbevonalu  idomo- 
kkal  valo  “topologikus”  kbvezeseknel  is;  megfelelb  modosftasokkal  persze  [LMS94] ) 


1.  dbra.  A negyzethalo  baricentrikus  (sulypontok  szerinti)  felosztasa.  4 baricentrikus 
haromszog  VQWP  eltaetomanya.  Az  eltartomany  szimmetriainak  jellemzese  kisebb 

alaptartomanyokkal. 

4 baricentrikus  haromszog  (1,  2,  3,  4 az  1.  abra  bal  felsb  reszen)  tamaszkodik 

barmely elhez  mindket  oldalrbl.  Ezek  kepezik  a VPWQ  eltartomdnyt, 

melynek  fontos  szerep  jut  a lehetseges  elmbdosftasok  jellemzeseben.  Ugyanis 
egy  elet  szinte  szabadon  rajzolhatunk  a VPWQ  belsejeben  a E es  IE  csucsok  kbzbtt. 
Ezutan  jbn  egy  sikbeli  egybevdgdsdg-csoport  (mint  ismetlbdesi  szabaly),  mely  az 
eltartomannyal  - benne  a mbdosftott  ellel  mint  alaptartomdnnyal  (ismetlbdb 
egyseggel)  kikbvezi  a teljes  negyzethalbt  (lassuk  ezt  a 2.  abran:  2.3,  2.4,  2.5,  3.2, 
3.3,  3.4). 

De  ez  a mbdosftott  el  szimmetrikusan  is  valaszthatb,  pi  a kbzeppontjara  nezve 
(az  1.  abra  jobb  also  kepen,  2.  abra:  1.3,  1.5,).  De  lehet  bnmagara  is  szim- 
metrikus  (1.  abra  bal  also  kepe,  2.  abra:  1.2,  1.4).  Itt  az  el  nem  valtozhat,  de  a 
felel-tartomanyba  rajzolt  cimkevel  jelezhetjiik  a helyzetet.  De  lehet  a mbdosftott 
el  szimmetrikus  az  eredeti  elfelezb  merblegesre  (1.  abra  jobb  felsb  kepe,  2.  abra: 
2.1,  3.1).  Tovabba  lehet  szimmetrikus  midket  utbbbi  ttikbregyenesre  (1.  abra  felsb 
kbzepsb  kepe,  2.  abra:  1.1),  de  ez  eppen  az  eredeti  negyzethalbt  jelenti. 

Hdtra  van  meg  az  a feladat,  hogyan  helyezzuk  el  a fenti  eltartomdnyokat 
szabdlyosan  (ahogy  az  bsszefoglalbban  is  megfogalmaztuk),  tehdt  hogy  “topold- 
gikus  negyszdgkdvezest”  kapjunk,  ugyhogy  bdrmely  ket  uj  elet  kivdlasztva  letezzen 
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a siknak  olyan  egybevdgosdga,  mely  az  elsd  elet  a mdsodik  elre,  a teljes  sikbeli 
kovezest  bnmagdra  kepezze. 

Ehhez  az  utolso  lepeshez  szUksegiink  van  a 17  sikbeli  kristalycsoport  is- 
meretere,  ahogy  azt  a [P]  program  feldolgozza,  vagy  legaldbb  azoknak  a lehetose- 
geknek  az  dttekintesere,  bogy  az  eltartomdny  vagy  fenti  kisebb  reszei  (1.  abra) 
alaptartomdny  (ismetlodo  egyseg)  legyen.  Ehhez  a feladathoz  az  eltartomdny 
negyszugnek  (vagy  fenti  reszeinek)  csak  nem  sok  oldalpdrositdsdt  kell  dttekin- 
teniink. 


2.  dbra.  Az  egyforma  elu  negyszog-kovezesek  14  csaladja:  1.  Egyforma 
kovek  elszimmetriaval;  2.  Csucsszimmetriaju  egyforma  kovek;  3.  Kiilonbozo 
(fekete-feher)  kovek  D-diagrammokkal. 
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Ez  azt  jelenti,  hogy  a vizsgdlt  problemdnak  “elmeleti  hozadeka”  is  van. 
Megismeriink  vele  nehdny  sikbeli kristdlycsoportot  (7-et  a 17  koziil) . Ambiciozus 
tanarkollegaknak  ez  vonzo  kisMet  lehet,  akar  kbzepiskolai,  akar  altalanos  iskolai 
matematika  szakkorben. 

Osszeallftottam  az  eltranzUiv  (homogen,  egybevdgo  elu)  negyszdgkitoltesek 
teljes  listajat  az  [M94]  dolgozatbol,  ahol  az  altalanosabb,  tudomanyosan  is  ujdonsa- 
got  jelento  terbeli  kockakitoltesek  analog  problemdjdt  is  Idthatjuk.  Az  Olvaso  to- 
vabbi  sikbeli  altalanositast  talal  a [LMS94]  dolgozatban. 


A megoldas 

A 2.  abran  lathatjuk  az  eltranzitiv  negyszdgkitoltesek  14  tipusat,  ahol  a 
szamozott  baricentrikus  haromszdgekkel  jellemzett  eltartomanyok  vegiil  is  ket 
negyszdgtipushoz  vezethetnek.  A listat  3 reszre:  1-3  osztottuk. 

Az  1.  osztaly  tagjai:  1.1  - 1.5,  ahol  az  el  szimmetriacsoportja  (maskeppen 
mondva,  az  elkdzeppont  stabilizator  csoportja)  a ket  szomszedos  negyszdglapot 
egymasba  viszi. 

A 2.  osztaly  is  5 kdvezesbdl  all:  2.1  - 2.5,  ahol  ugyancsak  egyforma 
negyszdglapokat  kapunk,  de  nem  az  elstabilizatorral. 

A 3.  osztalynak  4 meglepd  kdvezese  van:  3.1-  3.4  ket  (mondjuk  fekete-feher) 
negyszdgtipussal.  Ezek  nem  kepezddnek  egymasra,  csak  az  eleik. 

Mindegyik  kdvezesnel  feltiintettiik,  hogy  konvex  (C),  nem-konvex  (N)  negy- 
szdgekkel  megvaldsithatdk-e  (neha  mindkettd  eldfordulhat,  gondoljuk  meg!). 
Ezenkiviil  akdvezes  kristaly csoportja  is  szerepel  (7  csoport  a 17  kdziil). 


D-szimbolumokrol.  Illusztracio  szami'togeppel  rajzolt  kepekkel 

A 3.  osztaly  mindegyik  k£p6n€[  feltiintettiik  a kesdbb  (D,M)  -mel jelolt  u.n.  D 
-szinbdlumot,  mely  egy  D szomszedsagi  diagrammal  (szomszedsagi  graf)  nagyon 
fontossa  valt  (B.N.  Delone,  M.S.  Delaney,  A.W.M.  Dress  kezdemenyezesere) . 
(Keresse  meg  az  Olvaso  a tdbbi  kdvezes  D-szimbdlumat  is!.) 

Ez  az  absztrakcid  kovetkezo  szintjet  jelenti,  az  egyetemi  hallgatdknak,  vagy 
egy  tudomdnyos  konferencia  hallgatdsdgdnak figyelmet  Mvhatjukfel  rd.  Terme- 
szetesen  itt  csak  jelezhetjuk  ezt  a fontos  kutatasi  mddszert.  A sik  masfajta 
kdvezeseit,  vagy  - ami  tudomanyosan  is  meg  fontosabb  - szabalyos  kdvezeseket 
kereshetiink  vele  homogen  terekben  (peldaul  allando  gdrbiiletu  terekben,  igy  az 
euklideszi  ter  [M94],  [DHM93]  csak  specialis  eset),  ahol  meg  sok  megoldatlan 
problema  van. 

Minden  D-diagrammhoz , D -hez  (2.  abra:  3. 1 - 3.4)  tekintjuk a negyzethald  C- 
vel  jelolt  baricentrikus  haromszdgeleset  (1.  abra).  Az  eltartomany  minden  egyes 
haromszdget  (legfeljebb  1,  2,  3,  4)  egy  cstics  jeldli  a D diagrammban.  Apontozott 

elek,  most  a C es  Duq  operacidjat  is  jeldlik.  A szaggatott elek  a C es 

Dui  operacidjat,  a folytonos elek  a C es  Du2  operacidjat  tuntetik  fel,  mint 
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a D diagramm  szomszedsagait  (a  D graf  cimkezett  vagy  szmezett  eleit),  ugyanugy 
ahogy  a C megfeleld  baricentrikus  haromszbgei  szomszedosak. 

Vegytik  eszre  az  1.  abran,  bogy  az  eltartomany  vagy  a kisebb  alaptartomanyok 
kepeit  is  meghatarozzak  majd  ezek  a szomszedsagi  operaciok. 


3.  dbra.  Prok  Istvan  programja  szmes  vagy  fekete-feher  mintak  rajzolasat  kmalja. 
A [P]  honlaprol  szabadon  letoltheto. 


Ez  azt  is  jelenti  majd,  bogy  D a keletkezo  kovezes  Tg-val  jelolt  teljes  sz- 
immetriacsoportjdt  meghatdrozza,  ha  meg  megadjuk  azt  a (szimmetrikus)  u.n. 
szomszedsagi  matrix  fiiggvenyt,  M = — t,  mely  D — n lesz  ertelmezve,  es 

megmondja,  hdny  i es  j oldalu  baricentrikus  hdromszbg  (majd  ennek  a fele  sz- 
erepel  a matrixban)  veszi  kdrUl  a megfeleld  k-jelu  hdromszbgcsucsot  a C -ben  es 
ennek  megfeleloen  D -ben:  {i,  j,  k}  = {0,  1,  2}.  Ez  azt  is  jelenti  majd,  hogy  a 
D diasgramm  bdrmely  eleme  (csucsa)  a Cbaricentrikus  felbontds  egy  hdromszdg- 
osztdlydnak,  egy  a Tcsoport  szerinti  pdlydjdnak  (orbit-jdnak)  felel  meg.  Ugyhogy 
megkivdnjuk:  Tgartsa  meg  a Cfelbontds  szomszedsdgi  viszonyait. 


Most  az  M szomszedsdgi  mdtrixfiiggveny  dllandd 


1 4 2 \ 
4 14 

2 4 1/ 


a D es  a C minden  elemehez  (baricentrikus  haromszbgehez) , ahol  a negyszbgkbveze- 
sben  4 negyszbg  talalkozik  minden  csucsban. 

Peldakent  tekintsiik  a 2.  abra:  3.3  kepet  es  diagrammjat,  ahol  a szomszedsagi 
operaciokat  involutiv  (masodrendu)  permutaciokent  (ez  altalanosan  igy  van)  ad- 
hatjuk  meg: 

Go  : (12)  (34);  ai:  (1)(2)(34)  as  the  loops  show  it  at  vertex  1 and  2;  a2' 
(14)(23). 
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4.  dbra.  Fekete-feher  minta  az  elobbi  12.  p4gm  csoport  szerint. 


Itt  (aiCTo)  az  1,  2 C-beli  h^omszogekkel,  mint  lapcentrum  (2-centrun)  kbriil 
egy  F-ra  vonatkozo  tilkbrsarkot  jelent,  (aiCTo)  a 3,  4 C-beli  haromszbgekkel,  mint 
lapcentrum  (2-centrum)  kbriil  egy  F-ra  vonatkozo  4-forgast  jelez  az  moi  = m\Q  = 
4 matrixelemek  miatt,  (gondosan  ellenbrizziik!).  A (a2CTi)  kompozicio  (mindig 
ellentetes  sorrendu  vegrehajtast  jent  mostani  megallapodasunk  szerint)  egyen- 
estiikrbzest  jelent  az  1,  2,  3,  4 C -beli  haromszbgek  kbzbs  csucsa  (0-centruma) 
szerint,  megintcsak  az  mi2  = ni2\  = 4 matrixelem  miatt  (ellenbrizziik!).  A 
(CT2CTo)kompozici6  a F-ban  trivialis  stabilizator!  jelent,  ahogy  az  1,  2,  3,  4 
haromszbgek  elcentrumai  (1-centruma)  kbriil  leolvashatjuk,  ujracsakmo2  = m2o  = 
2 miatt.  Tehat  az  eltartomany  eppen  a p4g,  bbvebb  jelblessel  p4gm,  csoport  alap- 
tartomanya  lesz.  Ezt  az  eljarast  algoritmizalhatjuk,  programozhatjuk  szamftbgepre, 
ahogy  ez  altalanosabban  a terre  is  megtbrtent  a [DHM93]  dolgozatban. 

A F = p4g  csoport  szerinti  masik  eltranzitiv  kbvezest  mutat  a 3.  abra,  mely  a 
[P]  programmal  kesziilt  (lasd  meg  a 2.  abra:  2.1  kepet),  ahol  egy  elmotfvumot  raj- 
zoltunk  a F csoport  alaptartomanyaba.  A szinezett  kepbe  rajzolas  nagyon  tetszetbs 
es  szbrakoztatb  lehet. 

Ez  a modszer  az  dltaldnos.  Mind  a 14  tipust  megrajzolhatjuk  ezzel  a 
strategidval,  tovdbbd  mdsfajta  eltranzitiv  (homogen  egybevdgo  elu)  kovezeseket 
is  [LMS94]. 

Befejezesul:  ket  (nem  tul  szep)  fekete-feher  szdmitdgepes  rajz,  melyet  a szerzo 
keszi'tett  \P]segitsegevel  {A-5.  abrak).  Az  elsbt  eppen  az  elobbi  mintara  rajzoltam 
a F = p4g  (Fig.  4)  csoport  szerint.  A masodik  kep  (5.  abra)  a pgg  csoport  szerint 
kesziilt  (keressiik  meg  a 2.  abranl). 
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5.  dbra.  A 8.  p2gg  csoport  szerinti  minta. 

Folytassdk  a rajzoldst,  keremU! 

Szeretnem  Dr,  Szirmai  Jeno  kollegamnak  megkoszonni  a dolgozat  elkeszitesehez 
adott  segitseget. 
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3.  meaunarodni  znanstveni  skup 
MATEMATIKA  I DIJETE 


Upotreba  tehnologije  za  unaprjedenje 
nastave  matematike:  perspektiva,  problemi, 
kriteriji  i metoda  odabira 


Dusan  Mundar  i Damir  Horvat 

Fakultet  organizacije  i informatike,  Sveuciliste  u Zagrebu,  Hrvatska 


Sazetak.  Vec  je  u osamdesetim  godinama  proslog  stoljeca  prepoz- 
nato  da  “se  nalazimo  na  pragu  revolucije  u matematici  - kako  o njoj 
razmisljamo,  kako  je  koristimo  i kako  je  mozemo  uciti.  Revolucija 
je  usmjerena  na  racunalo  kao  matematicki  alat.  Kao  kod  svake  rev- 
olucije, ljudi  odabim  strane  - neki  bi  htjeli  istraziti  ulogu  racunala  u 
matematici,  dok  drugi  smatraju  da  je  koristenje  racunala  u matematici 
prijevara”  [12].  Istrazivanja  pokazuju  da  je  unatoc  dostupnosti  hardvera 
i softvera  matematicko  osoblje  u srednjim  skolama  rijetko  koristilo 
racunala  u poucavanju  matematike  [15].  Iznosimo  neke  od  razloga 
takve  situacije.  Nadalje,  svjesni  smo  da  “razvoj  matematike  lezi  na 
razvoju  tehnickih  znanosti,  biomedicine,  ekonomije  i informacijskih 
tehnologija.  Studenti  u tim  podrucjima  trebaju  matematicko  obrazo- 
vanje  ali  njihovo  predznanje,  sposobnosti  i stavovi  prema  matematici 
se  naveliko  razlikuju”  [8].  U radu  prezentiramo  neke  resurse  koji 
su  dostupni  na  Interne tu  i koji  bi  mogli  unaprijediti  nastavu  matem- 
atike. “Kako  Internet  postaje  veci  rastucom  stopom,  nemoguce  je 
napraviti  preciznu  sliku  stanja  njegovog  razvoja”  [7],  pa  tako  ni  razvoja 
takvih  materijala.  U radu  uvodimo  metodologiju  odabira  materijala 
definiranjem  kriterija  i metode  odabira  najboljeg  prikladnog  materijala. 
Kriteriji  osiguravaju  bolje  ostvarivanje  ishoda  ucenja  i smanjenje  rizika 
napustanja  materijala  jer  nisu  prikladni  za  nastavnike  iz  razloga  sto  su 
preslozeni  ili  vremenski  prezahtjevni  za  koristenje. 

Kljucne  rijeci:  nastava  matematike,  koristenje  tehnologije  u nas- 
tavi,  odlucivanje 


Uvod 

Internet  i tehnologija  nude  nove  materijale  za  poucavanje,  programske  pakete 
i ostale  resurse  koji  se  mogu  koristiti  u nastavi  da  bi  se  pojacalo  studentsko 
ucenje  i svladavanje  gradiva.  Cesto  se  raspravlja  da  li  tehnologija,  globalno 
gledajuci,  obogacuje  proces  poucavanja  u smislu  boljeg  ostvarivanja  eiljeva  ucenja. 
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Prenosimo  nekoliko  argumenata  za  i protiv  upotrebe  tehnologije.  Neki  od  argu- 
menata  za  upotrebu  su  bolja  predanost  studenata  ucenju,  stimulirani  kognitivni 
rast  i rezultati,  bolje  poznavanje  slabosti  u poznavanju  nastavnog  gradiva  te  veca 
fleksibilnost  poucavanja  kroz  velik  broj  brzo  dostupnih  informacija  u usporedbi 
s klasicno  unaprijed  pripremljenim  predavanjem.  Argumenti  protiv  su  potreba 
promjene  stila  poucavanja  da  bi  se  prilagodilo  tehnologiji  i otvoreno  pitanje  o 
metodoloskom  pristupu  koji  ce  osigurati  poboljsane  rezultate  studenata. 

Uloga  tehnologije  moze  ukratko  bid  opisana  izjavom  National  Research  Coun- 
cila\  “Proces  upotrebe  tehnologije  za  poboljsanje  ucenja  nikad  nije  cisto  tehnicke 
prirode,  odnosno  odreden  svojstvima  tehnologije  ili  programskog  paketa.  Kao  i 
udzbenik  ili  neki  drugi  kulturalni  objekt,  tehnoloski  resursi  za  obrazovanje  djeluju 
u drustvenoi  okolini  te  trebaiu  bid  vodeni  komunikaciiom  izmedu  polaznika  i nas- 
tavnika”  [2]. 

U sducnoj  literaturi  prepoznato  je  da  tehnologija  sama  po  sebi  ne  osigurava 
uspjeh  procesa  poucavanja  [1].  Pripreme  za  nastavu  uz  upotrebu  tehnologije  zahti- 
jevaju  vise  truda  i vremena  nego  klasicna  priprema.  Koristi  od  ulozenog  duda  nisu 
vidljive  u kratkom  roku  i rijetko  su  adekvatno  prepoznate  u radnoj  ili  siroj  zajednici. 
Motiv  za  ulaganje  takvog  truda  cesto  je  unutarnja  motivacija  nastavnika  vodena  en- 
tuzijazmom  pripreme  za  “bolju”  buducnost  ili  traganjem  za  samoostvarenjem. 

Znanost  i praksa  poucavanja  prepoznale  su  i veliku  tehnolosku  promjenu  svi- 
jeta  [9], [11], [12], [15].  Ta  promjena  povlaci  i potrebu  za  promjenom  metodoloskog 
pristupa  poucavanju  matematike.  Proces  poucavanja  trebao  bi  bid  usmjeren  na  stje- 
canje  trajnog  i korisnog  znanja,  vjestina  i sposobnosti.  Upotreba  tehnologije  moze 
proces  poucavanja  uciniti  suvremenim.  Upotrebom  tehnologije  moze  se  usted- 
jeti  vrijeme  na  operativnom  dijelu  procesa  poucavanja.  Ustedeno  vrijeme  moze 
se  upotrijebiti  za  objasnjavanje  osnovnih  matematickih  ideja  (osnovno  znanje), 
diskusije  ili  kreativno  matematicko  razmisljanje  (refleksivno  znanje). 

Prepoznato  je  da  upotreba  tehnologije  ne  znaci  nuzno  i bolje  obrazovanje.  Neki 
od  mogucih  negativnih  efekata  na  studente  mogli  bi  bid  pad  upomosti,  strpljenja, 
tocnosti  i koncentracije  - sto  nastavnici  matematike  obicno  smatraju  da  matematika 
daje  njihovim  studentima. 

Tehnologija  i on-line  aplikacije  zapoucavanje  mogu  posjedovati  velik  problem 
- biti  jako  zanimljive  i zahtijevati  puno  vremena,  a bid  od  male  edukativne  koristi. 
Postojanjem  svijesti  o njima  i uz  relativno  malen  trud  vjerojatnost  da  zapnemo  s 
takvim  aplikacijama  moze  se  znacajno  smanjiti.  Upodebom  tehnologije  nastaje 
jos  jedna  prilika.  Mozemo  se  pitati  zelimo  li  da  nas  matematicki  predmet  odgovara 
na  pitanje  “sto  ako”  umjesto  na  klasicno  pitanje  “zasto”.  Odgovor  na  takvo  pitanje 
relativno  nam  jasno  daje  odgovor  na  pitanje  da  li  bi  upodeba  tehnologije  u nastavi 
bila  pozeljna  ili  cak  nuzna. 


Teorija  odiucivanja 

Odluka  o upotrebi  tehnologije  moze  imati  znacajan  utjecaj  na  proces  poucavanja 
i ucenja.  Upodeba  nove  tehnologije,  programskih  paketa  ili  on-line  materijala  pruza 
nove  prilike  i prijetnje,  ima  svoje  prednosti  i slabosti.  U ovom  dijelu  prikazujemo 
metodu  za  iskoristavanje  pozeljnih,  odnosno  izbjegavanje  nepozeljnih  aspekata. 
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Proces poucavanja je  dinamican proces.  Prije poduzimanja  akcije  u poucavanju 
nastavnik  bi  trebao  promisliti  hoce  li  akcijom  ostvariti  zeljeni  ishod.  U procesu 
odlucivanja  trebao  bi  uzeti  u obzir  nove  informacije,  ukoliko  su  dostupne,  i bid 
otvoren  za  povratne  informacije.  Nastavnici  uglavnom  odluke  donose  na  temelju 
kreativnosti,  iskustva  i intuicije.  Neke  akcije  utjecu  na  ostvarivanje  ciljeva  pred- 
meta  i mogu  biti  nazvane  strateskima.  Odluke  o tim  akcijama  ne  bi  trebale  biti 
donosene  samo  na  tim  principima.  Sustavni  analiticki  pristup  bi  takoder  trebao  biti 
upotrijebljen.  Postoje  razliciti  metodoloski  pristupi  i matematicki  modeli  opisivanja 
problema  i argumentiranja  odluke.  Sustavni  analiticki  pristup  smanjuje  vjerojat- 
nost  donosenja  lose  odluke,  jer  je  odluka  bazirana  na  logici,  uzima  vise  dostupnih 
informacija  (po  mogucnosti  sve)  i alternativa.  Ispustanje  neke  alternative,  koja  ne 
mora  biti  nuzno  znacajna  moze  dovesti  do  pogresnog  odabira.  Takoder  je  poz- 
nato  da  dobra  odluka  moze  rezultirati  nezeljenim  ishodom,  ali  generalno  analiticki 
pristup  u donosenju  odluke  bolji  je  nego  onaj  baziran  samo  na  intuiciji.  Jedna  od 
strateskih  odluka  je  odluka  o upotrebi  programskog  paketa  u poucavanju  i odabir 
prikladnijeg  ukoliko  je  potreban. 

Teorija  odlucivanja  proucava  proces  donosenja  odluka  na  sustavni  i analiticki 
nacin.  Okolina  u kojoj  je  potrebno  donijeti  odluku  moze  biti  vise  ili  manje  de- 
terministicka  ili  slucajna.  Stoga  se  odluke  mogu  donositi  u uvjetima  sigurnosti 
i u uvjetima  nesigurnosti  i rizika.  lako  ne  mozemo  biti  u potpunosti  sigurni  u 
posljedice  nasih  akcija,  problem  odlucivanja  koji  razmatramo  moze  se  karakter- 
izirati  kao  odlucivanje  u uvjetima  sigurnosti.  Donositelj  odluke  takoder  bi  trebao 
biti  svjestan  da  odluka  cesto  nije  jednokratna,  nego  je  jedna  u nizu  medusobno 
povezanih  i sigumo  ce  utjecati  na  odluke  koje  ce  se  donositi  kasnije. 

U radu  smo  se  odlucili  za  upotrebu  metodologije  visekriterijskog  odlucivanja 
Analiticki  hijerarhijski  proces  (AHP).  Postupak  upotrebe  metode  AHP  moze  se 
ukratko  opisati  kao  provodenje  sljedecih  koraka: 

1.  Modeliranje  problema  kao  hijerarhije  koja  se  sastoji  od  cilja  odlucivanja, 
alternative  za  njegovo  ostvarivanje  i kriterija  za  vrednovanje  alternativa. 

2.  Odredivanje  prioriteta  medu  elementima  hijerarhije  donosenjem  niza  pro- 
sudbi  baziranih  na  usporedbi  elemenata  u parovima. 

3.  Spajanje  prosudbi  u konacne  prioritete  u hijerarhiji. 

4.  Provjeravanje  konzistentnosti  prosudbi. 

5.  Donosenje  konacne  odluke  bazirane  na rezultatima  procesa  odlucivanja  [16] . 

Postoje  razni  komercijalni  i besplatni  alati  izradeni  za  analizu  visekriterijskog 
donosenja  odluka  na  temelju  usporedbi  u parovima  kao  sto  su  Expert  Choice,  De- 
cision Lab,  D-Sight,  ERGO,  MakeltRational.  Nasi  izracuni  provedeni  su  u alatu 
Expert  Choice. 


Obrazovni  programski  paketi 

Obrazovni  programski  paketi  su  programski  paketi  cija  je  primarna  namjena 
koristenje  u poucavanju  ili  ucenju.  U konacnici  su  razmatrana  cetiri  programska 
paketa  za  upotrebu  na  predmetu  Odabrana  poglavlja  matematike.  U nastavku  se 
nalazi  opis  tih  paketa. 
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GeoGebra  je  alat  za  poucavanje  i ucenje  geometrije,  algebre  i matematicke 
analize.  Napisana  je  u Javi  pa  se  stoga  moze  pokrenuti  na  mnogim  popularnim 
operacijskim  sustavima.  Pogodna  je  za  razvoj  nastavnih  materijala  iz  matematike  u 
raznim  oblicima  i za  sve  razine  matematickog  obrazovanja.  GeoGebra  u sebi  ima 
ugraden  Kartezijev  koordinatni  sustav  pa  omogucuje  unos  geometrijskih  naredbi 
(crtanje  tocaka,  pravaca,  vektora,  okomica,  simetrala  kutova,. . . ali  isto  take 
i algebarskih  naredbi  (uredeni  par  koordinata,  jednadzbe  krivulja,  funkeije,. . . 
Ovaj  dvostruki  prikaz  matematickih  objekata,  geometrijski  i algebarski,  jedan  je  od 
najvecih  prednosti  GeoGebre.  Transformaeija  objekata  u geometrijskom  prozoru 
utjece  na  promjenu  odgovarajucih  izraza  u algebarskom  prozom  i obmuto,  prom- 
jena  izraza  u algebarskom  prozoru  utjece  na  odgovarajuce  objekte  u geometrijskom 
prozoru.  Nadalje,  GeoGebra  sadrzi  i tablicni  prozor  koji  je  takoder  na  dinamicki 
nacin  povezan  sa  geometrijskim  i algebarskim  prozorom  pa  je  na  taj  nacin  spremna 
i za  razne  statisticke  naredbe  [10]. 

Mathematica  trenutno  najmocniji  i najvise  koristeni  sustav  za  kompjutorsku 
algebm.  Mathematica  se  sastoji  od  tri  glavne  vrste  racunanja:  numerickog,  sim- 
bolickog  i grafickog.  Za  razliku  od  tradicionalnih  programskih  jezika  kao  sto  su  C i 
C++,  sastoji  se  od  puno  veceg  broja  tipova  podataka.  Najopcenitiji  tip  podataka  u 
Mathematici  je  simbolicki  izraz  koji  omogucuje  reprezentaeiju  veoma  apstraktnih 
matematickih  i nematematickih  objekata.  Mathematica  u sebi  sadrzi  veliki  broj 
implementiranih  funkeija,  ali  isto  tako  ima  vrlo  mocan  vlastiti  programski  jezik 
koji  omogucuje  nekoliko  razlicitih  nacina  programiranja: 

• Proceduralno  programiranje  s blokovnom  strukturom,  uvjetima,  petljama  i 
rekurzijama 

• Funkeijsko  programiranje  s lambda-racunom  i operatorskim  funkeijama 

• Rule-based  programiranje  s ispitivanjem  uzoraka 

Najveci  nadostatak  Mathematice  je  njezina  cijena  jer  je  ona  ipak  preskupa  za 
prosjecne  korisnike  [18]. 

Maxima  je  mocan  sustav  za  kompjutorsku  algebru  napisan  u programskom 
jeziku  Lisp  koji  kombinira  numericke,  simbolicke  i graficke  moguenosti.  To  je 
besplatni  open  source  program  koji  se  neprekidno  poboljsava.  U usporedbi  s Math- 
ematicom,  Maxima  ima  puno  slabije  i jednostavnije  sucelje,  ali  ima  veliku  prednost 
u cijeni.  Trenutno,  wxMaxima  i XMaxima  su  dva  najpopularnija  graficka  sucelja 
za  Maximu.  Za  nove  korisnike  je  najbolje  da  poenu  koristiti  wxMaxima  sucelje  jer 
je  ono  bogato  raznim  menijima  i tipkama  koje  sadrze  najvaznije  i najvise  koristene 
Maxima  naredbe.  Kroz  menije  i tipke  novi  korisnici  u wxMaximi  postepeno  uce 
Maxima  sintaksu.  Nadalje,  wxMaxima  ima  svoju  vlastitu  implementaciju  za  lijepi 
prikaz  matematickih  izraza.  XMaxima  je  puno  siromasnije  graficko  sucelje  sa  vrlo 
malim  brojem  naredbi  u menijima,  ali  je  zato  puno  stabilnije  sucelje  od  wxMaxime. 
Stoga  iskusniji  korisnici  radije  koriste  XMaxima  sucelje  jer  oni  vec  znaju  Maxima 
sintaksu  i puno  brze  im  je  napisati  ime  naredbe,  nego  traziti  pojedinu  Maxima 
naredbu  u menijima  (ukoliko  se  uopce  ta  naredba  nalazi  u nekom  od  menija  wx- 
Maxime). XMaxima  takoder  puno  brze  sucelje  za  testiranje  i isprobavanje  koda 
od  wxMaxime  [13],  [14]. 

SAGE]e  open  source  matematicki  alat  napisan  u veoma  mocnom  i popularnom 
programskom  jeziku  Python.  Vecina  matematickih  alata  sadrzi  svoj  vlastiti  pro- 
gramski jezik,  dok  je  SAGE  izgraden  na  postojecem  programskom  jeziku  Python 
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kao  njegovo  mocno  matematicko  prosirenje.  Stoga  su  iskusni  Python  korisnici 
ujedno  i iskusni  SAGE  korisnici.  Pocetnici  moraju  najprije  nauciti  Python  kako  hi 
bili  spremni  za  rjesavanje  matematickih  problema  u SAGE-u.  Dakle,  oni  ne  moraju 
uciti  novi  specijalizirani  matematicki  programski  jezik  i to  je  jedna  od  velikih  pred- 
nosti  SAGE-a.  Dok  vecina  matematickih  alata  funkcioniraju  kao  zasebne  jedinke, 
SAGE  ima  drukciji  pristup.  Za  neke  algoritme  daje  vlastitu  implementaciju,  dok 
neke  algoritme  koristi  od  ostalih  open  source  matematickih  alata  [Maxima,  GAP, 
BLAS,  LAPACK,  matematicki  Python  paketi,  itd.).  U SAGE  je  ukljuceno  oko 
stotinjak  open  source  programa  koji  omogucuju  proucavanje  elementarne,  vise  i 
primijenjene  matematike  kao  sto  su  elementarna  i napredna  algebra,  matematicka 
analiza,  elementarna  i napredna  teorija  brojeva,  kriptografija,  numerika,  teorija 
grupa,  kombinatorika,  teorija  grafova,  linearna  algebra,  itd.  Sa  SAGE-ora  se 
moze  komunicirati  iz  komandne  linije  ili  preko  web  preglednika  koji  mu  sluzi 
kao  graficko  sucelje.  Preko  web  preglednika  SAGE  se  moze  spojiti  na  lokalnu 
instalaciju  SAGE-a  na  disku  ili  pak  na  SAGE  server  na  intemetu.  SAGE  server  na 
internetu  je  prekrasna  stvar  za  windows  korisnike  jer  je  prirodna  domena  za  SAGE 
operacijski  sustav  Linux.  Windows  korisnici  moraju  instalirati  virtualnu  masinu 
ako  zele  pokrenuti  Linux  i SAGE  lokalno  na  windowsima.  SAGE  trenutno  najbolje 
radi  sa  Firefox  web  preglednikom  [17]. 


Primjer:  odabir  programskog  paketa 

U ovom  dijelu  predstavljamo  proces  donosenja  odluke  o odabiru  obrazovnog 
programskog  paketa. 

A.  Cilj  odlucivanja,  alternative  i kriteriji 

Odabrana  poglavlja  matematike  je  predmet  na  drugoj  godini  preddiplomskog 
studija  informatike.  Upotreba  tehnologije  ocekuje  se  na  svim  predmetima  pa  nema 
potrebe  za  donosenjem  odluke  je  li  potrebna  ili  nije.  Cilj  odlucivanja  je  odabir 
najprikladnijeg  programskog  paketa  za  ostvarivanje  ciljeva  predmeta.  U dijelu 
obrazovni  programski  paketi  opisane  su  cetiri  alternative  koje  dolaze  u razma- 
tranje.  Kriteriji  za  vrednovanje  alternativa  su  svladavanje  programa  (nastavnik), 
svladavanje  programa  (studenti),  cijena,  pokrivenost  gradiva,  dostupnost  gotovih 
materijala,  dostupnost  korisnicke  pomoci. 

B,  Odredivanje  prioriteta  medu  elementima 

Slika  1.  prikazuje  hijerarhijsku  strukturu  problema  odlucivanja. 

Slika  2.  prikazuje  usporedbe  vaznosti  kriterija  odlucivanja  u parovima.  Us- 
poredbe  u parovima  su  radene  prema  1-9  skali  preporucenoj  u AHP  metodologiji. 
Konacno  rangiranje  kriterija  daje  sljedece  tezine  kriterija:  cijena  (34,  8%),  pokri- 
vanje  gradiva  (32,5%),  svladavanje  programa  (nastavnik)  (12,9%),  svladavanje 
programa  (studenti)  (9,0%),  dostupnost  gotovih  materijala  (6,5%),  dostupnost 
korisnicke  pomoci  (4, 2%). 
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Slika  1.  Hijerarhijska  struktura  problema  odlucivanja. 


Slika  2.  Usporedba  vaznosti  kriterija  u parovima. 

Slicna  metoda  upotrijebljena  je  za  usporedbe  u parovima  alternativa  u odnosu 
na  zadovoljavanje  svakog  od  kriterija. 


C.  Konacni  prioriteti  i konzistentnost 


Skupivsi  i analizirajuci  sve  usporedbe  mozemo  zakljuciti  da  je  SAGE  najprik- 
ladniji  programski  paket  za  upotrebu  na  predmetu  Odabrana  poglavlja  matematike. 
Tablica  1.  Ukupni  prioriteti  u procesu  odlucivanja  prikazuje  rangiranje  alternativa 
prema  svakom  kriteriju  te  konacno  rangiranje  alternativa.  Provjerena  je  konzistent- 
nost usporedbi.  Omjer  inkonzistencije  svake  tablice  usporedbi  je  manji  od  0, 10 
sto  je  prihvatljivo  prema  AHP  metodologiji. 
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Svladavanje 

programa 

(nastavnik) 

Svladavanje 

programa 

(student!) 

Cijena 

Pokrivanje 

gradiva 

Dostupni 

materijali 

Pomoc 

Ukupni 

bodovi 

Tezine 

12,9% 

9,0% 

34,8% 

32,5% 

6,5% 

4,2% 

SAGE 

0,124 

0,218 

0,320 

0,293 

0,362 

0,236 

0,275 

Mathematica 

0,319 

0,078 

0,040 

0,477 

0,375 

0,472 

0,265 

Maxima 

0,074 

0,149 

0,320 

0,186 

0,165 

0,106 

0,207 

GeoGebra 

0,484 

0,555 

0,320 

0,044 

0,098 

0,186 

0,253 

Tablica  1.  Usporedba  vaznosti  kriterija  u parovima. 

D,  Konacna  odluka 

Koristeci  AHP  metodologiju  za  visekriterijsko  odlucivanje  mozemo  zakljuciti 
da  je  SAGE  naprikladniji  programski  paket  za  upotrebu  na  predmetu  Odabrana 
poglavlja  matematike.  Neke  od  prednosti  paketa  SAGE  su  cijena,  dostupnost  go- 
tovih  materijala  i pokrivanje  nastavnog  gradiva.  Pokazalo  se  da  je  najbolji  iako 
usporedujuci  s ostalim  programima  SAGE  je  najbolji  samo  u cijeni  (besplatan  kao 
i neki  drug!  medu  njima),  a po  svakom  ostalom  kriteriju  postoji  barem  jedan  koji 
je  bolji  od  njega.  Na  primjer,  Mathematica  bolje  pokriva  gradivo,  ima  vise  gotovih 
materijala,  bolju  korisnicku  pomoc,  ali  je  komercijalni  paket  studentima  relativno 
kompliciran  za  svladavanje.  Svladavanje  paketa  SAGE  je  jednostavnije  jer  su  stu- 
dent! do  izvodenja  predmeta  upoznati  s programiranjem  u Pythonu.  Nastavnici  su 
bolje  upoznati  s Mathematicom  posto  su  diplomirali  ili  doktorirali  matematiku,  ali 
to  nije  dovoljno  dobar  razlog  za  stvaranje  ucenja  rada  u Mathematici  obaveznim 
za  studente  informatike.  GeoGebra,  iako  besplatna  i laka  za  nauciti  ne  pokriva 
gradivo  u dovoljnoj  mjeri  da  bi  bila  najbolji  odabir. 

Zakijucak 

Tehnologija  je  povecala  mogucnosti  unapredenj a poucavanj a matematike.  Pos- 
toje  pozitivni  i negativni  aspekti  upotrebe  tehnologije.  Priprema  za  poucavanje 
matematike  uz  upotrebu  tehnologije  zahtijeva  vise  vremena.  Ulozeni  trud  ne  pruza 
rezultate  u kratkom  vremenu  pa  nije  prepoznat  u zajednici  kao  sto  bi  trebao  biti. 
Upotreba  tehnologije  otvara  novu  perspektivu  na  metodologiju  poucavanja.  Zbog 
promjene  svijeta  u kojem  zivimo,  u nekim  aspektima,  upotreba  tehnologije  postaje 
nuzna  za  ostvarivanje  ciljeva  ucenja.  U nasem  radu  prikazali  smo  primjenu  AHP 
metode,  metodologije  visekriterijskog  odlucivanja,  na  problem  odabira  najpriklad- 
nijeg  programskog  paketa  za  koristenje  u nastavi.  U procesu  odlucivanja  koristili 
smo  sest  kriterija  i cetiri  alternative. 

Literatura 


[1]  Bjelanovic  Dijanic,  Z.  (2009),  Audiovizualizna  multimedijska  komunikacija  pri 
uceniu  matematike  putem  interaktivne  web  stranice,  Matematika  i skola  (MiS), 
49:157-166. 

[2]  Brewer,  C.  (2003),  Computers  in  the  Classroom:  How  Information  Technology  Can 
Improve  Conservation  Education.  Conservation  Biology,  17:657-660. 


Upotreba  tehnologije  za  unaprjeclenje  nastave  matematike 


395 


[3]  Broadbridge,  P.  and  Henderson,  S.  (2007),  Mathematics  for  21st  Century 

Engineering  Students:  Final  Report,  Proceeding  of  the  eighteenth  Annual 

Conference  of  the  Australian  Association  for  Engineering  Education.  Pristup: 
http : // ww2 . cs . mu . oz . au/ aaee2007 / papers/ invJlend . pdf 

[4]  Coleman,  L.,  Wired  for  Success:  Schools  Using  More  Technology  to 

Educate  Students,  The  Council  of  State  Governments,  2006.  Pristup: 
http : / / WWW . csg . org/knowledgecenter/ docs/ snOSlOWiredf orSuccess . pdf 

[5]  De  Leon,  O.,  Chavez,  J.,  Has  Technology  Increased  Learning,  and  Teaching?  Should 

schools  rush  to  adopt  the  latest  technology  to  increased  learning  and  teaching?, 
Pristup:  http : / / orange  . utb . edu/ odeleonl/3310/Has7„20Technology7,20 

Increased7.20Learning7.20project7.204 . pdf 

[6]  Dinov,  I.D.,  Sanchez  J.  & Christou  N.  (2008),  Pedagogical  utilization  and  assess- 
ment of  the  statistic  online  computational  resource  in  introductory  probability  and 
statistics  courses.  Computers  & Education  50,  284-300. 

[7]  Engelbrecht  j.,  Harding  A.  (2005),  Teaching  undergraduate  mathematics  on  the 
Internet,  Part  I:  Technologies  and  Taxonomy,  Educational  Studies  in  Mathematics, 
Volume  58,  Number  2,  235-252. 

[8]  Henderson  S.  & Broadbridge  P.  (2009),  Engineering  Mathematics  Education  in 
Australia,  MSOR  Connections  Volume  9 Number  1.  Pristup:  http : / /mathstore . 
gla.  ac  .uk/headocs/9112_henderson_s_and_broadbridge_p_engmathed.  pdf 

[9]  Kurnik,  Z.  (2008),  Istrazivacka  nastava,  Matematlka  1 skola  (MiS),  47:52-59. 

[10]  GeoGebra,  Pristup:  http://www.geogebra.org/cms/en/help 

[1 1]  Glasnovic  Gracin,  D.  (2008),  Racunalo  u nastavi  matematike-teorijska  podloga  I 
metodicke  smjernice  (2) , Matematlka  1 skola  (MiS),  47:81-84. 

[12]  Lotus  P.  (1985),  Computer  Math:  Exploring  a new  frontier  beyond  the 

realm  of  human  calculation.  Popular  Computing,  March  1985.  Pristup: 
http : //www. arachnoid. com/lutusp/ computermath.html 

[13]  Maxima,  Pristup:  http  : //maxima,  sourceforge  . net/documentation. html 

[14]  Maxima  by  Example,  Pristup:  http://www.csulb.edu/~woollett/ 

[15]  Norton  S.,  McRobbie  C.J.,  Cooper  T.J.  (2000),  Exploring  Secondary  Mathematics 
Teachers’  Reasons  for  Not  Using  Computers  in  Their  Teaching:  Five  Case  Studies, 
Journal  of  Research  on  Computing  in  Education,  Volume  33,  Vumber  1,  87-109. 

[16]  Saaty,  Thomas  L.  {200?i),  Decision  Making  for  Leaders:  The  Analytic  Hierarchy 
Process  for  Decisions  in  a Complex  World,  Analytic  Hierarchy  Process  Series,  2001. 

[17]  SAGE,  Pristup:  http : //www . sagemath . org/tour . html 

[18]  Stephen  Wolfram,  Mathematica,  A system  for  DoingMathematics  by  Computer, 
Addison- Wesley  Publishing  Company,  1993. 


Kontakt  adrese: 
Dusan  Mundar,  asistent 
Fakultet  organizacije  i informatike, 
Sveuciliste  u Zagrebu 
Pavlinska  2,  HR  - 42  000,  Varazdin 
dusan. mundj arOf oi .hr 

Damir  Horvat,  asistent 
Fakultet  organizacije  i informatike, 
Sveuciliste  u Zagrebu 
Pavlinska  2,  HR  - 42  000,  Varazdin 
damir.horvatl@foi.hr 


396 


3.  meaunarodni  znanstveni  skup 
MATEMATIKA  I DIJETE 


Kakva  je  buducnost  integracije  ICT-a 
u poucavanje  matematike 


Karolina  Dobi  Barisic^,  Ivanka  Deri*  i Ljerka  Jukic^ 

'Uciteijski  fakultet,  Sveuciliste  J.  J.  Strossmayera  u Osijeku,  Hrvatska 
^Odjel  za  matematiku,  Sveuciliste  J.  J.  Strossmayera  u Osijeku,  Hrvatska 


Sazetak.  Posljednjih  godina  se  potreba  za  uvodenjem  ICT-a  u 
nastavni  proces  namece  kao  jedna  od  neizbjeznih  promjena  u obra- 
zovnom  sustavu.  Danasnje  generacije  ucenika  u tolikoj  su  mjeri 
ovladale  ICT-om  u svakodnevnom  slobodnom  vremenu,  da  ovu  prom- 
jenu  u obrazovnom  sustavu  ne  mozemo  promatrati  kao  ulaganje  u bolju 
buducnost,  vec  kao  nuznost  kako  bi  se  zadrzao  korak  s tehnologijom  i 
ucenicima.  Razmatrajuci  integraciju  ICT-a  u nastavu  matematike,  jasno 
je  da  zamjena  ploce  i krede  digitalnim  prezentacijskim  materijalom  ne 
obuhvaca  sve  ono  sto  tehnologija  i matematika  mogu  zajedno  stvoriti. 

Jedan  od  vaznih  preduvjeta  za  kvalitetnu  integraciju  ICT-a  u 
nastavu  matematike  jest  sam  ucitelj,  tj.  njegovo  znanje,  volja  i zelja 
da  unaprijedi  nastavu  matematike  te  ju  svojim  pristupom  poucavanju 
priblizi  generacijama  danasnjih  ucenika. 

Cilj  ovog  rada  je  utvrditi  spremnost  buducih  predavaca  matematike 
na  osnovnoskolskim  i srednjoskolskim  razinama  za  integraciju  ICT-a 
u nastavu  matematike.  Faktori  utjecaja  na  opisanu  spremnost,  koji 
ce  biti  razmotreni  ovim  radom,  su  fakultetsko  obrazovanje  buduceg 
predavaca  i njegove  vlastite  inicijative  s obzirom  na  osobne  digitalne 
kompetencije  i infrastrukturu. 

Istrazivanjem,  koje  smo  proveli  na  uzorku  studenata  zavrsnih 
godina  Uciteljskog  fakulteta  u Osijeku  (n  = 196)  i zavrsnih  godina 
sveucilisnog  nastavnickog  studija  matematike  i informatike  na  Odjelu 
za  matematiku  u Osijeku  (n  = 36),  smo  pokazali  da  identificirani 
aspekti  utjecu  na  opisanu  spremnost  te  da  fakultetsko  obrazovanje 
uzrokuje  razlicitost  u stavovima  buducih  predavaca  prema  njihovim  os- 
obnim  digitalnim  kompetencijama  potrebnim  za  kvalitetnu  integraciju 
ICT-a  u nastavu. 


Kljucne  rijeci:  nastava  matematike,  integracija  ICT-a,  fakultetsko 
obrazovanje,  vlastite  inicijative,  digitalne  kompetencije 
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Uvod 

Informacijsko  komunikacijska  tehnologija  (kratica:  ICT)  promijenila  je  nase 
svakodnevne  aktivnosti  na  mnogo  nacina.  Te  promjene  su  najvidljivije  na  mladim 
clanovima  naseg  drustva  pa  take  i na  ucenicima  osnovnih  i srednjih  skola.  S 
obzirom  da  ICT  igra  sve  vazniju  ulogu  u drustvu,  posebno  ako  uzmemo  u obzir 
socijalnu,  ekonomsku  i kulturnu  ulogu  racunala  i Interneta,  jasno  je  da  je  doslo 
vrijeme  za  stvami  ulazak  ICT-a  na  podrueje  obrazovanja.  Kombinaeija  ICT-a  i In- 
terneta nedvojbeno  otvara  mnogobrojne  moguenosti  za  kreativnost  i inovativnost, 
all  takoder  i za  priblizavanje  gradiva  generaeijama  danasnjih  ucenika. 

S obzirom  da  su  neki  autori  jos  1980.  godine  predvidali  da  ce  do  2000.  godine 
glavne  metode  poucavanja  podrazumijevati  primjenu  racunala,  na  svim  razinama  i 
u svim  podruejima  (Bork,  1980) , mozemo  zakljuciti  da  je  i prije  30  godina  primjena 
ICT-a  u nastavi  bila  predmet  proucavanja  i istrazivanja. 

U ovom  radu  bazirali  smo  se  na  uvodenje  ICT-a  u nastavu  matematike  iz 
jednostavnog  razloga  sto  je  matematika  jedan  od  skolskih  predmeta  u kojem  pro- 
ces  vizualizacije  gradiva  olaksava  njegovo  shvacanje,  a upravo  bi  upotreba  ICT-a 
trebala  olaksati  proces  vizualizacije. 

Buducnost  integracije  ICT-a  u nastavu  matematike  nedvojbeno  ovisi  o buducim 
narastajima  predavaca  matematike,  a to  su:  (i)  studenti  uciteljskih  studija,  koji  ce 
matematiku  predavati  u nizim  razredima  osnovnoskolskog  obrazovanja,  (ii)  stu- 
denti sveucilisnog  nastavnickog  studija  matematike,  koji  ce  matematiku  predavati  u 
visim  razredima  osnovnoskolskog  obrazovanja  i u svim  razredima  srednjoskolskog 
obrazovanja.  Iz  toga  razloga  je  istrazivanje  provedeno  upravo  na  te  dvije  populacije 
studenata. 

Pretpostavili  smo  da  fakultetsko  obrazovanje  predavaca  matematike  uzrokuje 
razlicitost  u stavovima  prema  samoinieijativama  usmjerenima  ka  vlastitim  digi- 
talnim  kompeteneijama  i infrastrukturi  te  smo  ovim  radom  istrazili  koji  je  smjer 
utjecaja.  Osim  toga  smo  ispitali  kako  fakultetsko  obrazovanje  i opisane  vlastite 
inieijative  utjecu  na  spremnost  predavaca  za  primjenu  ICT-a  u nastavi  matematike. 

Pojam  kompeteneije  podrazumijeva  znanja,  vjestine  i stavove  potrebne  za 
obavljanje  nekog  posla.  Posebna  vrsta  kompeteneija  su  digitalne  kompeteneije 
koje  ukljucuju  sigurno  i kriticko  koristenje  ICT-a  na  poslu,  u slobodno  vrijeme 
i u komunikaeiji  (Marcetic,  2010).  Pod  osnovnim  digitalnim  kompeteneijama 
podrazumijeva  se  koristenje  multimedijske  tehnologije  za  pronalazenje,  pristup, 
pohranu,  proizvodnju,  predstavljanje  i razmjenu  informaeija  i komuniciranje  i sud- 
jelovanje  u Internet  mrezi  (Ala-Mutka,  2008).  Konacno,  digitalne  kompeteneija 
ukljucuje  pouzdanu  i kriticku  uporabu  ICT-a  za  zaposljavanje,  ucenje,  samorazvoj 
i sudjelovanje  u drustvu  (Marcetic,  2010). 


Okvir  istrazivanja 

Na  koji  nacin  mladi  nastavnici  mogu  doprinijeti  svojim  znanjima  o razlicitim 
oblicima  koristenja  ICT-a  istrazivao  je  svedski  izvanredni  profesor  na  Linkdping 
sveucilistu,  Sven  Andersson.  Istrazivanje  se  provodilo  u svedskim  osnovnim 
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skolama  i kao  konacni  zakljucak  vezano  za  primjenu  ICT-a  u njihovom  poslu, 
ucitelji  su  zakljucili  da  su  nove  tehnologije  unaprijedile  njihov  odnos  prema 
pronalazenju  znanja  za  razvoj  vlastitih  kompetencija,  pronalazenju  nastavnih  ma- 
terijala  i metodoloskih  ideja  te  suodnos  s ucenicima  i kolegama.  Unaprjedenje 
njihovih  digitalnih  kompetencija  dalo  im  je  ideju  i inspiraciju  za  razvoj  metoda 
ucenja,  njihovo  vlastito  znanje  o racunalima  ili  pocetnu  tocku  za  predstojece  ICT 
aktivnosti  u skolama  (Andersson,  2006) . 

Istrazivanje  koje  su  proveli  Sang,  Valcke,  van  Braak  i Tondeur  govori  o utjecaju 
spola,  konstruktivistickih  uvjerenja  ucitelja,  samoinicijative  u nastavi,  samoinici- 
jative  u koristenju  racunala  te  stav  o racunalima.  Istrazivanje  je  provedeno  na  727 
studenata  jednog  kineskog  sveucilista.  Rezultati  su  pokazali  da  je  potencijalna 
integracija  ICT-a  u korelaciji  sa  svim  navedenim  varijablama,  osim  spola  (Sang, 
2010). 

U clanku  autora  Drent  i Mellissen  govori  se  o utjecajima  koji  stimuliraju  ili 
ogranicavaju  inovativnu  upotrebu  ICT-a  od  strane  ucitelja  u Nizozemskoj.  Neki  od 
faktora  koji  su  proucavani  su:  pedagoski  pristup,  ICT  kompetencije  te  poduzetnost 
ucitelja.  Rezultati  su  pokazali  da  svi  navedeni  faktori  imaju  utjecaj  na  inovativnost 
u upotrebi  ICT-a.  Autori  zakljucuju  da  su  ICT  kompetencije  uvjet  za  upotrebu 
ICT-a  u nastavi,  ali  da  na  inovativnu  upotrebu  ICT-a  utjecu  i neki  drugi  faktori 
(Drent,  2008). 

Na  podrucju  Flandrije,  za  razliku  od  Velike  Britanije  i Kanade,  ICT  kompe- 
tencije nisu  ukljucene  u nacionalni  kurikulum,  postavljene  su  samo  smjernice  za 
skole  kako  usmjeriti  inovativne  obrazovne  procese  u postupku  integracije  ICT-a 
u nastavu.  Ova  studija  istrazuje  kako  i u kojoj  mjeri,  skola  opcenito  i nastavnici 
osobno,  provode  nova  ocekivanja  proizasla  iz  te  odluke.  Konkretno,  ispituje  se  koje 
ICT  kompetencije  ucitelji  trenutno  usvajaju  (za  stvarnu  upotrebu  u nastavi),  a koje 
kompetencije  namjeravaju  usvojiti  u buducnosti  (preferiraju  njihovo  koristenje). 
Istrazivanje  je  pokazalo  da  je  vecina  ucitelja  upoznata  s pojmom  ICT-a,  ali  ipak 
2, 6%  ispitanika  nije  koristilo  racunalo,  niti  u razredu  niti  za  pripremu  nastave.  Od 
ukupnog  broja  sati  koje  tjedno  provedu  za  racunalom,  najvise  se  odnosi  na  strucnu 
pomoc,  zatim  slobodno  vrijeme  i na  kraju  na  nastavu.  Glavni  rezultat  istrazivanja 
pokazuje  da  ucitelji  u osnovom  obrazovanju  teze  povecanju  i prosirenju  svojih  ICT 
kompetencija  (Tondeur,  2007). 


Model,  uzorak,  podaci 

Pocetak  istrazivanja  oznacen  je  diskusijom  o aspektima  pojedinog  od  ovim 
radom  izdvojenih  faktora  utjecaj  a na  spremnost  na  integraciju  ICT-a  u nastavu 
matematike  sto  je  rezultiralo  uvodenjem  pripadnog  modela  situacije  (Slika  1)  i 
izradom  upitnika  za  prikupljanje  podataka  o populacijama  od  interesa. 

Samoinicijative  ucitelja  s ciljem  kvalitetne  primjene  ICT-a  u nastavi  matem- 
atike razmatrali  smo  iz  perspektive  osobnih  digitalnih  kompetencija  te  informaticke 
infrastrukture  samog  ucitelja.  O digitalnim  kompetencijama  smo  promisljali  u 
smislu  stjecanja,  posjedovanja,  usavrsavanja  i aktualizacije,  a rasclanili  smo  ih 
na  temeljne  i posebne.  Posjedovanje  temeljnih  digitalnih  kompetencija  analizirali 
smo  kroz  posjedovanje  znanja  o sljedecem:  osnovni  dijelovi  racunala,  osnovni 
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pojmovi  o Internetu,  primjena  elektronicke  poste,  izrada  digitalnog  tekstualnog  i 
prezentacijskog  dokumenta,  izrada  proracunske  tablice,  crtanje  i obrada  fotografije, 
izrada  i objava  web-stranice  te  primjena  Interneta  kao  dodatnog  izvora  informa- 
cija  potrebnih  za  izradu  nastavnih  materijala.  Nadalje,  posjedovanje  posebnih 
digitalnih  kompetencija  razmotrili  smo  kroz  posjedovanje  znanja  i vjestina  za  rad 
s nekim  specijaliziranim  racunalnim  alatima  prikladnima  za  primjenu  u nastavi 
matematike  kao  sto  su  pametna  ploca  i edukaeijski  matematicki  softveri.  Posebnu 
smo  pozornost  pridodali  postojanju  svijesti  o nuznosti  konstantnog  usavrsavanja  i 
aktualizacije  digitalnih  kompeteneija.  Informatickom  infrastrukturom  nastavnika 
modelirana  je  osobna  situaeija  nastavnika  u pogledu  informaticke  opremljenosti. 
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Slika  1.  Konceptualni  model 

U ovom  radu  je  primijenjen  online  upitnik  kao  metoda  prikupljanja  podataka 
koji  su  prikupljeni  iz  uzorka  studenata  zavrsnih  godina  Uciteljskog  fakulteta  u Os- 
ijeku  (n  = 196)  i zavrsnih  godina  sveucilisnog  nastavnickog  studija  matematike  i 
informatike  na  Odjelu  za  matematiku  u Osijeku  (n  = 36).  Od  studenog  2010.  g. 
do  sijecnja  2011.  prikupljena  su  232  odgovora  ispitanika  iz  populaeija  od  interesa. 
Struktura  uzorka  opisana  je  u donjoj  tabliei  (Tabliea  1). 


Obiljezje 

Kategorija 

Frekvencija 

Relativna  frekvencija  (%) 

STUDIJ 

uciteljski 

196 

84,48 

nastavnicki  - matematika 

36 

15,52 

Tablica  1.  Struktura  uzorka 

Odgovori  prikupljeni  iz  uzorka  su  diskretni  kvantitativni  podaei,  a pohranjeni 
su  primjenom  smislene  ejelobrojne  numericke  skale  od  1 do  5.  Oni  oznacavaju 
oejenu  dane  tvrdnje,  pri  cemu  1 oznacava  “Uopce  se  ne  slazem”,  a 5 oznacava  “U 
potpunosti  se  slazem”. 

Tablicno  je  dana  statisticka  distribueija  varijabli  od  interesa  koje  modeliraju 
ovim  radom  razmotrene  aspekte  samoinicijativa  ucitelja  s obzirom  na  vlastite  dig- 
italne  kompeteneije  i infrastrukturu  (Tabliea  2). 
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Razmatrano  obiljezje 

Relativne  frekvencije  vrednovanja 

Deskriptivna  statistika 
uzorka 

1 

2 

3 

4 

5 

Ocekivanje 

Standardna 

devijacija 

Temeljne  digitalne 
kompetencije 

0, 006705 

0, 021073 

0, 068966 

0, 144636 

0,758621 

4,  627395 

0, 760839 

Posebne  digitalne 
kompetencije 

0,281609 

0, 100575 

0,21408 

0,217672 

0, 186063 

2,  926006 

1,478185 

Konstantna  aktualizacija 
digitalnih  kompetencija 

0,018103 

0,  064655 

0, 244828 

0,  326724 

0,  34569 

3,917241 

1,003039 

Informaticka 

infrastruktura 

0, 006466 

0,  036638 

0, 090517 

0, 19181 

0,  674569 

4,491379 

0,  854369 

Tablica  2.  Statisticka  distribucija  varijabli  od  interesa 


Metodologija 

Nakon  sto  smo  iz  opisanog  uzorka  prikupili  podatke  o varijablama  od  interesa 
proveli  smo  statisticku  analizu  usmjerenu  ka  procjeni  populacijskih  parametara  te 
testiranju  statistickih  hipoteza  izvedenih  iz  hipoteze  istrazivanja  s ciljem  donosenja 
zakljucaka  o razmatranim  populacijama. 

Procjenu  ocekivanja  i proporcije  proveli  smo  primjenom  intervala  pouzdanosti 
za  velike  uzorke  iz  podataka  prikupljenih  na  uzorku,  a pouzdanost  primijenjena  za 
potrebe  ovoga  rada  je  95%. 

Testiranje  statisticke  hipoteze  proveli  smo  kroz  sljedece  korake  (McClave  et 
ak,  2001):  (1)  uvodenje  nulte  hipoteze  koja  predstavlja  status  quo,  (2)  uvodenje 
alternativne  hipoteze,  (3)  izbor  prikladne  test  statistike,  (4)  odredivanje  podrucja 
odbacivanja  nulte  hipoteze  s obzirom  na  postavljeni  nivo  signifikantnosti  a,  (5) 
prikupljanje  podataka  iz  uzorka,  (6)  izracunavanje  test  statistike,  (7)  donosenje 
odluke  o odbacivanju  nulte  hipoteze,  (8)  zakljucivanje  o populaciji.  U statistickim 
testovima  provedenima  za  potrebe  ovoga  rada  primijenjena  je  razina  signifikant- 
nosti a = 0,05.  S ciljem  donosenja  zakljucka  o razlikama  u ocekivanjima  i 
proporcijama  proveli  smo  odgovarajuce  testiranje  hipoteza  za  velike  uzorke  prim- 
jenom z-statistike. 


Rezultati 

Ispitali  smo  kako  fakultetsko  obrazovanje  utjece  na  prosudbu  vlastitih  inici- 
jativa  usmjerenih  ka  stjecanju,  posjedovanju,  usavrsavanju  i aktualizaciji  vlastitih 
digitalnih  kompetencija  i infrastrukture. 

Iz  podataka  prikupljenih  na  uzorcima  studenata  za  razmatrane  aspekte  samoini- 
cijativa  odredili  smo  mjere  deskriptivne  statistike  te  procijenili  ocekivanja  in- 
tervalom  pouzdanosti  95%.  Dobiveni  rezultati  su  opisani  tablicno  (Tablica  3, 
Tablica  4),  a daju  naznaku  viseg  vrednovanja  svih  razmatranih  aspekata  samoini- 
cijativa  od  strane  studenata  nastavnickog  studija  matematike  u odnosu  na  studente 
uciteljskog  studija. 
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Razmatrano  obiljezje 

Deskriptivna  statistika 
uzorka 

Interval  pouzdanosti  (95%) 
za  procjenu  ocekivanja 

Ocekivanje 

Standardna 

devijacija 

Donja 

granica 

Gornja 

granica 

Temeljne  digitalne 
kompetencije 

4,619615 

0,770176 

4,583649 

4,655580 

Posebne  digitalne 
kompetencije 

2,876701 

1,468281 

2,792696 

2,960705 

Konstantna  aktualizacija 
digitalnih  kompetencija 

3,892857 

1,002423 

3,830019 

3,955695 

Informaticka 

infrastruktura 

4,461735 

0,878015 

4,374547 

4,548922 

Tablica  3.  Deskriptivna  statistika  i intervali  pouzdanosti  za  procjenu  ocekivanje 
za  uzorak  studenata  uciteljskog  studija 


Razmatrano  obiljezje 

Deskriptivna  statistika 
uzorka 

Interval  pouzdanosti  (95%) 
za  procjenu  ocekivanja 

Ocekivanje 

Standardna 

devijacija 

Donja 

granica 

Gornja 

granica 

Temeljne  digitalne 
kompetencije 

4,669753 

0,707465 

4,592430 

4,747076 

Posebne  digitalne 
kompetencije 

3,194444 

1,506317 

2,992427 

3,396462 

Konstantna  aktualizacija 
digitalnih  kompetencija 

4,050000 

0,998742 

3,903103 

4,196897 

Informaticka 

infrastruktura 

4,652778 

0,695250 

4,489402 

4,816154 

Tablica  4.  Deskriptivna  statistika  i intervali  pouzdanosti  za  procjenu  ocekivanje 
za  uzorak  studenata  nastavnickog  studija  matematike 

Kvantitativne  podatke  prikupljene  na  uzorcima  studenata  prikazali  smo  i 
graficki  na  bazi  p-postotnih  vrijednosti  i raspona  (Slika  2),  a s obzirom  na  dvije 
razmotrene  kategorije  studenata. 

Nadalje  smo  proveli  jednostrani  test  za  usporedbu  ocekivanja  za  velike  uzorke, 
kojim  smo  usporedili  prosudbu  ispitanika  o opisanim  vlastitim  inicijativama  usm- 
jerenima  na  digitalne  kompetencije  i infrastrukturu,  a s obzirom  na  fakultetsko  obra- 
zovanje.  Alternativna  hipoteza  je  predstavljala  postojanje  razlike  u ocekivanjima 
prosudbi  razmatranih  aspekata  samoinicijativa  i to  u korist  studenata  nastavnickog 
studija  matematike,  a dizajnirana  je  temeljem  prethodne  rasprave.  Iz  rezultata 
prikazanih  tablicno  (Tablica  5)  na  razini  znacajnosti  a = 0,05  zakljucujemo: 
(i)  nemamo  dovoljno  argumenata  da  bismo  odbacili  hipotezu  o jednakosti  oceki- 
vanja u razmatranim  populacijama  od  interesa,  (ii)  postoji  statisticki  znacajna 
razlika  u ocekivanjima  vrednovanja  posljednja  tri  aspekta  samoinicijativa  i to  u 
korist  studenata  nastavnickog  studija  matematike. 
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Slika  2.  Kategorizirani  kutijasti  dijagrami  aspekata  samoinicijativa 


Razmatrano  obiljezje 

p-vrijednost 

a = 0, 05 

z 

za= 1,644854 

Ho 

Temeljne  digitalne 
kompetencije 

0,12383 

p > a 

1,15604 

Z < Za 

ne  odbaciti 

Posebne  digitalne 
kompetencije 

0,00211 

p < a 

2,86061 

Z>  Za 

odbaciti 

Konstantna  aktualizacija 
digitalnih  kompetencija 

0,026241 

P < a 

1,939156 

Z>  Za 

odbaciti 

Informaticka 

infrastruktura 

0,020156 

P < a 

2,050542 

Z>  Za 

odbaciti 

Tablica  5.  Rezultati  jednostranog  testa  za  usporedbu  ocekivanja  vrednovanja 
samoinicijativa  s obzirom  na  fakultetsko  obrazovanje 

U nastavku  smo  pomnije  analizirali  svaki  od  prethodno  uvedenih  aspekata 
samoinicijativa  nastavnika  odredivanjem  mjera  deskriptivne  statistike  i procjenom 
ocekivanja  intervalom  pouzdanosti  95%  (Tablica  6,  Tablica  7). 


Razmatrano  obiljezje 

Deskriptivna  statistika 
uzorka 

Interval  pouzdanosti  (95%) 
za  procjenu  ocekivanja 

Ocekivanje 

Standardna 

devijacija 

Donja 

granica 

Gomja 

granica 

Poznavati  osnovne  dijelove  racunala 

4,571429 

0,771279 

4,462777 

4,680080 

Poznavati  osnovne  pojmove  o Intemetu 

4,760204 

0,504999 

4,689064 

4,831344 

Znati  koristiti  elektronicku  postu 

4,877551 

0,372526 

4,825073 

4,930029 

Znati  izraditi  tekstualni  dokument 

4,903061 

0,359188 

4,852462 

4,953661 

Znati  izraditi  prezentacijski  materijal 

4,877551 

0,411758 

4,819546 

4,935556 

Znati  izraditi  proracunsku  tablicu 

4,397959 

0,919752 

4,268392 

4,527526 

Poznavati  rad  u nekom  programu  za 
crtanje  i obradu  fotografije 

4,448980 

0,854820 

4,328560 

4,569400 

Znati  izraditi  i objaviti  web-stranicu 

3,658163 

1,185591 

3,491147 

3,825179 

Znati  koristiti  Internet  kao  dodatni  izvor 
informacija  potrebnih  za  izradu 
nastavnih  materijala 

4,816327 

0,482450 

4,748363 

4,884290 

Vaznost  sposobnosti  za  rad  sa  tzv. 
pametnom  plocom 

3,790816 

1,053501 

3,642408 

3,939225 

Vaznost  poznavanja  nekog  od 
specijaliziranih  programskih  alata 
za  matematicku  edukaciju 

4,112245 

0,904492 

3,984828 

4,239662 

Osobna  sposobnost  rada  u 
The  Geometer’s  Sketchpad-u 

3,448980 

1,087198 

3,295824 

3,602135 

Osobna  sposobnost  rada  u GeoGebri 

2,316327 

1,293748 

2,134074 

2,498579 

Osobna  sposobnost  rada  u Wolfram 
Mathematici 

1,301020 

0,720540 

1,199517 

1,402524 

Osobna  sposobnost  rada  s tzv. 
pametnom  plocom 

1,923469 

1,163223 

1,759604 

2,087335 

Aktualizacija  digitalnih  kompetencija 
nastavnika  matematike  je  neophodna  za 
adekvatnu  primjenu  ICT  alata  u nastavi. 

3,811224 

0,877103 

3,687666 

3,934783 

Kako  bi  nastavnik  matematike 
aktualizirao  svoje  ICT  vjestine  te 
kvalitetno  i primjereno  integrirao 
aktualne  ICT  alate  u nastavu,  treba 
redovito  citati  odgovarajuce 
informaticke  casopise. 

3,678571 

1,054295 

3,530051 

3,827092 

Kako  bi  nastavnik  matematike 
aktualizirao  svoje  ICT  vjestine  te 
kvalitetno  i primjereno  integrirao 
aktualne  ICT  alate  u nastavu,  treba 
redovito  pratiti  relevantne 
web  portale. 

3,750000 

1,019678 

3,606356 

3,893644 

Kako  bi  nastavnik  matematike 
aktualizirao  svoje  ICT  vjestine  te 
kvalitetno  i primjereno  integrirao 
aktualne  ICT  alate  u nastavu,  treba 
pohadati  informaticke  seminare. 

4,112245 

0,975417 

3,974836 

4,249654 

Kako  bi  nastavnik  matematike 
aktualizirao  svoje  ICT  vjestine  te 
kvalitetno  i primjereno  integrirao 
aktualne  ICT  alate  u nastavu,  treba 
samoinicijativno  i samostalno 
proucavati  ICT  alate. 

4,112245 

1,001360 

3,971182 

4,253308 

Preduvjet  za  kvalitetnu  pripremu 
nastave  matematike  Je  posjedovanje 
osobnog  racunala  (kod  kuce). 

4,469388 

0,879441 

4,345499 

4,593276 

Preduvjet  za  kvalitetnu  pripremu 
nastave  matematike  je  omogucen 
pristup  Internetu  (kod  kuce). 


4,454082 


0,878772 


4,330288 


4,577876 


Tablica  6.  Deskriptivna  statistika  i intervali  pouzdanosti  za  procjenu  ocekivanje 
za  uzorak  studenata  uciteljskog  studija 


Razmatrano  obiljezje 

Deskriptivna  statistika 
uzorka 

Interval  pouzdanosti  (95%) 
za  procjenu  ocekivanja 

Ocekivanje 

Standardna 

devijacija 

Dory  a 
granica 

Gornja 

granica 

Poznavati  osnovne  dijelove  racunala 

4,583333 

4,349266 

4,817401 

0,691789 

Poznavati  osnovne  pojmove  o Internetu 

4,805556 

4,647486 

4,963625 

0,467177 

Znati  koristiti  elektronicku  postu 

4,972222 

4,915830 

5,028614 

0,166667 

Znati  izraditi  tekstualni  dokument 

4,972222 

4,915830 

5,028614 

0,166667 

Znati  izraditi  prezentacijski  materijal 

4,972222 

4,915830 

5,028614 

0,166667 

Znati  izraditi  proracunsku  tablicu 

4,781047 

4,996731 

0,318728 

Poznavati  rad  u nekom  programu  za 
crtanje  i obradu  fotografije 

4,722222 

4,548541 

4,895903 

0,513315 

Znati  izraditi  i objaviti  web-stranicu 

4,611111 

4,392914 

4,829308 

0,644882 

Znati  koristiti  Internet  kao  dodatni  izvor 
informacija  potrebnih  za 
izradu  nastavnih  materijala 

4,944444 

4,831661 

5,057228 

0,333333 

Vaznost  sposobnosti  za  rad  sa  tzv. 
pametnom  plocom 

4,138889 

3,845558 

4,432220 

0,866941 

Vaznost  poznavanja  nekog  od 
specijaliziranih  programskih  alata  za 
matematicku  edukaciju 

4,666667 

4,485810 

4,847523 

0,534522 

Osobna  sposobnost  rada  u 
The  Geometer’s  Sketchpad-u 

4,083333 

3,849266 

4,317401 

0,691789 

Osobna  sposobnost  rada  u GeoGebri 

3,361111 

2,861523 

3,860699 

1,476536 

Osobna  sposobnost  rada  u Wolfram 
Mathematici 

3,166667 

2,783012 

3,550321 

1,133893 

Osobna  sposobnost  rada  s tzv. 
pametnom  plocom 

1,750000 

1,412859 

2,087141 

0,996422 

Aktualizacija  digitalnih  kompetencija 
nastavnika  matematike  je  neophodna  za 
adekvatnu  primjenu  ICT  alata  u nastavi. 

3,972222 

3,736607 

4,207837 

0,696362 

Kako  bi  nastavnik  matematike 
aktualizirao  svoje  ICT  vjestine  te 
kvalitetno  i primjereno  integrirao 
aktualne  ICT  alate  u nastavu,  treba 
redovito  citati  odgovarajuce 
informaticke  casopise. 

3,777778 

3,406153 

4,149402 

1,098339 

Kako  bi  nastavnik  matematike 
aktualizirao  svoje  ICT  vjestine  te 
kvalitetno  i primjereno  integrirao 
aktualne  ICT  alate  u nastavu,  treba 
redovito  pratiti  relevantne  web  portale. 

3,861111 

3,463615 

4,258607 

1,174802 
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Kako  bi  nastavnik  matematike 
aktualizirao  svoje  ICT  vjestine  te 
kvalitetno  i primjereno  integrirao 
aktualne  ICT  alate  u nastavu,  treba 
pohadati  informaticke  seminare. 

4,083333 

3,727317 

4,439349 

1,052209 

Kako  bi  nastavnik  matematike 
aktualizirao  svoje  ICT  vjestine  te 
kvalitetno  i primjereno  integrirao 
aktualne  ICT  alate  u nastavu,  treba 
samoinicijativno  i samostalno 
proucavati  ICT  alate. 

4,555556 

4,306992 

4,804119 

0,734631 

Preduvjet  za  kvalitetnu  pripremu 
nastave  matematike  je  posjedovanje 
osobnog  racunala  (kod  kuce). 

4,666667 

4,424022 

4,909311 

0,717137 

Preduvjet  za  kvalitetnu  pripremu 
nastave  matematike  je  omogucen 
pristup  Internetu  (kod  kuce). 

4,638889 

4,407948 

4,869830 

0,682549 

Tablica  7.  Deskriptivna  statistika  i intervali  pouzdanosti  za  procjenu  ocekivanje 
za  uzorak  studenata  nastavnickog  studija  matematike 

U nastavku  smo  za  svaki  od  prethodno  uvedenih  aspekata  samoinicijativa  prim- 
ijenili  test  za  testiranje  statisticke  hipoteze  o jednakosti  ocekivanja  za  velike  uzorke, 
pri  cemu  je  alternativna  hipoteza  predstavljala  postojanje  razlike  u ocekivanjima 
i to  u korist  studenata  nastavnickog  studija  matematike.  Na  prihvacenoj  razini 
znacajnosti  a = 0,05  zakljucili  smo: 

- Medu  ranije  navedenim  temeljnim  digitalnim  kompetencijama  jedino  ne 
postoji  statisticki  znacajna  razlika  u vrednovanju  potrebe  poznavanja  os- 
novnih  dijelova  racunala  i osnovnih  pojmova  o Internetu  izmedu  dvije 
skupine  od  interesa  {p  = 0,46289;  p = 0,29858),  dok  su  studenti  nas- 
tavnickog studija  matematike  potrebu  posjedovanja  i/ili  stjecanja  svih  os- 
talih  znanja  ove  kategorije  ocijenili  statisticki  znacajno  visom  ocjenom  u 
odnosu  na  studente  uciteljskih  studija  {p  < a). 

- Potrebu  posjedovanja  i/ili  stjecanja  svih  ovim  istrazivanjem  obuhvacenih 
posebnih  digitalnih  kompetencija  studenti  nastavnickog  studija  matematike 
su  ocijenili  statisticki  znacajno  visom  ocjenom  {p  < a). 

- Obje  skupine  studenata  su  u jednakoj  mjeri  prepoznale  potrebu  za  kon- 
stantnom  aktualizacijom  digitalnih  kompetencija  pracenjem  odgovarajucih 
informatickih  publikacija  i sudjelovanjem  u edukacijama  {p  > a). 

- Studenti  nastavnickog  studija  matematike  su  statisticki  znacajnije  visom  oc- 
jenom vrednovali  potrebu  samoinicijativnog  i samostalnog  proucavanja  ICT 
alata  s ciljem  aktualizacije  ICT  vjestina  te  kvalitetne  integracije  aktualnih 
ICT  alata  u nastavu  matematike  (p  = 0,000885). 

- Ne  postoji  statisticki  znacajna  razlika  u ocjeni  potrebe  posjedovanja  odredene 
razine  informaticke  infrastrukture  nastavnika  koju  smo  promotrili  kroz  pos- 
jedovanje  osobnog  racunala  i pristupa  Internetu  (p  = 0, 072;  p = 0, 07746) 
u populacijama  od  interesa. 
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Potom  su  ispitanici  ocijenili  jesu  li  ih  njihove  vlastite  inicijative,  koje  poduz- 
imaju  s ciljem  aktualizacije  svojih  znanja,  vjestina  i informaticke  infrastrukture, 
ucinile  spremnima  za  integraciju  ICT-a  u nastavu  matematike.  Intervalom  pouz- 
danosti  95%  smo  procijenili  ocekivanja  ocjena  opisane  spremnosti  te  za  studente 
nastavnickog  studija  matematike  dobili  interval  [3, 776023; 4, 335088],  a za  stu- 
dente uciteljskog  studija  dobili  interval  [3,  501265;  3, 784449].  Osim  toga,  proved 
smo  test  za  testiranje  hipoteze  o jednakosti  ocekivanja  navedenih  ocjena,  gdje  je 
alternativna  hipoteza  predstavljala  postojanje  razlike  u ocekivanju  navedene  ocjene 
i to  u korist  studenata  nastavnickog  studija  matematike,  a postavljena  je  temeljem 
ranijih  analiza.  Rezultati  provedenog  testa  (p  = 0, 003934)  pokazuju  da  su  na 
razini  znacajnosti  5%  studenti  nastavnickog  studija  matematike  statisticki  znacajno 
vise  ocijenili  razmatranu  spremnost  uvjetovanu  poduzetim  samoinicijativama. 

Naposljetku  smo  jos  intervalom  pouzdanosti  95%  procijenili  proporcije  stude- 
nata, koje  su  samoinicijative  ucinile  spremnima  za  primjenu  ICT-a  u nastavi  matem- 
atike, tj.  one  koji  su  svoju  spremnost  vrednovali  ocjenom  barem  4.  Tako  smo  za 
studente  nastavnickog  studija  matematike  dobili  interval  [0, 54397;  0,  84492],  a za 
studente  uciteljskog  studija  interval  [0,48656;  0,62568].  Primjenom  iste  metode 
procijenili  smo  i proporcije  studenata,  koje  samoinicijative  nisu  ucinile  spremnima 
za  primjenu  ICT-a  u nastavu  matematike,  tj.  one  koji  su  svoju  spremnost  vredno- 
vali ocjenom  najvise  2.  Na  ovaj  nacin  smo  za  studente  uciteljskog  studija  dobili 
interval  [0, 07229;  0, 162404]  dok  u uzorku  studenata  nastavnickog  studija  matem- 
atike takvih  studenata  nema.  Osim  toga,  proved  smo  i test  za  testiranje  hipoteze  o 
proporcijama  spremnih  (ocjena  barem  4),  odnosno  nespremnih  (ocjena  najvise  2), 
studenata  za  primjenu  ICT-a  u nastavi  matematike  u razmatranim  populacijama. 
Alternativna  hipoteza  je  predstavljala  postojanje  razlike  u proporcijama  i to  u korist 
studenata  nastavnickog  studija  matematike,  odnosno  u korist  studenata  uciteljskog 
studija,  a postavljena  je  temeljem  prethodne  analize.  Rezultati  provedenih  testova 
{p  = 0,054888486;  p = 0)  na  razini  znacajnosti  5%  pokazuju:  (i)  nemamo  do- 
voljno  argumenata  da  bismo  odbacili  hipotezu  o jednakosti  proporcija  studenata 
koji  su  spremni  za  primjenu  ICT-a  u nastavu  matematike,  (ii)  statisticki  je  znacajno 
veca  proporcija  studenata  uciteljskog  studija,  koji  nisu  spremni  na  primjenu  ICT-a 
u nastavi  matematike,  u odnosu  naproporciju  takvih  studenata  nastavnickog  studija 
matematike. 


Zakijucak 

Rezultati  dobiveni  ovim  istrazivanjem  ukazuju  da  fakultetsko  obrazovanje 
uzrokuje  razlicitost  u stavovima  prema  samoinicijativama  usmjerenima  ka  vlastitim 
digitalnim  kompetencijama  i infrastrukturi.  Pokazali  smo  da  visa  razina  infor- 
maticke obrazovanosti  uzrokuje  pozitivnije  stavove  o primjeni  razmotrenih  vlasti- 
tih  inicijativa  sto  smo  i ocekivali.  Kako  program  uciteljskog  studija  pokriva  manje 
informatickih  podrucja  i pokriva  ih  na  nizoj  razini  nego  program  nastavnickog 
studija  matematike,  ocekivano  je  da  ce  studenti  nastavnickog  studija  matematike 
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bolje  vrednovati  samoinicijative  usmjerene  ka  digitalnim  kompetencijama  i infras- 
trukturi  sto  je  i pokazalo  ovo  istrazivanje. 

Medutim,  svakako  treba  istaknuti  da  su  i studenti  uciteljskog  studija  i studenti 
nastavnickog  studija  matematike  prepoznali  potrebu  za  konstantnom  aktualizaci- 
jom  digitalnih  kompetencija  pracenjem  odgovarajucih  informatickih  publikacija  i 
sudjelovanjem  u edukacijama.  Ovaj  nalaz  nam  daje  pravo  da  tvrdimo  da  se  sa  stu- 
dentima  uciteljskog  studija  radi  u pravom  smjeru  u smislu  informaticke  edukacije, 
jer  je  svijest  o nuznosti  aktualizacije  znanja  i vjestina  izuzetno  vazna  u radu  s ICT 
alatima. 

Nastojat  cemo  pratiti  razliku  u ovim  radom  razmatranim  fenomenima  izmedu 
ove  dvije  populacije  od  interesa.  S obzirom  na  cinjenicu  da  je  ICT  sve  vecim 
dijelom  ukljucen  u nastavni  proces,  sami  studenti  bi  trebali  shvatiti  da  su  njihove 
digitalne  kompetencije  spona  koja  ih  veze  uz  kreativnost  i inovativnost  na  podrucju 
primjene  ICT-a  u nastavi.  Ovo  istrazivanje  je  polazna  tocka  veceg  istrazivanja 
kojim  je  planirano  obuhvatiti  razlicite  populacije  buducih  i sadasnjih  predavaca 
matematike  na  osnovnoskolskim  i srednjoskolskim  razinama. 
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Utjecaj  stila  ucenja  studenata 
na  odabir  izbornog  modula 


Ivana  Durdevic*,  Marijana  Zekic-Susac^  i Margita  Pavlekovic^ 

'Uciteijski  fakultet  u Osijeku,  Sveuciliste  J.  J.  Strossmayera,  Osijek,  Hrvatska 
^Ekonomski  fakultet  u Osijeku,  Sveuciliste  J.  J.  Strossmayera,  Osijek,  Hrvatska 


Sazetak.  Ovaj  rad  istrazuje  postoji  li  veza  izmedu  stila  ucenja 
studenata  i upisanog  izbornog  modula  u okviru  studijskoga  programa, 
te  moze  li  se  metodama  strojnog  ucenja  predvidjeti  uspjesnost  studenta 
na  temelju  stila  ucenja  i izbornog  modula.  U istrazivanju  su  sudjelovali 
student!  pete  godine  diplomskog  studija  ciji  je  stil  ucenja  bio  ispitan 
upotrebom  indeksa  stila  ucenja  Feldera  i Solomanove.  Istrazuju  se  i ko- 
relacije  izmedu  dimenzija  stila  ucenja  detektiranih  upotrebom  indeksa 
stila  ucenja  Feldera  i Solomanove  te  korelacije  izmedu  uspjesnosti  stu- 
denata, odabranog  izbornog  modula  i dimenzija  stila  ucenja.  U obradi 
podataka  koristila  se  metoda  ANOVA  te  je  testirana  klasifikacijska 
metoda  strojnog  ucenja  za  predvidanje  uspjesnosti  studenata  ovisno 
o izabranom  modulu  i njihovom  stilu  ucenja.  Rezultati  su  pokazali 
da  student!  s dominantnim  aktivnim,  vizualnim,  senzornim  i intu- 
itivnim  dimenzijama  odabiru  podjednako  sve  izborne  module,  student! 
s naglasenom  sekvencijalnom  dimenzijom  cesce  biraju  modul  razvo- 
jnog  smjera,  a student!  s izrazenom  globalnom  dimenzijom  preferiraju 
modul  s pojacanim  predmetima  iz  informatike.  Radom  se  ukazuje 
na  potrebu  prilagodavanja  stila  poucavanja  u pojedinim  modulima 
stilovima  ucenja  studenata  koji  su  upisali  taj  modul.  Rezultati  dobiveni 
ovim  radom  mogu  posluziti  kao  smjernice  kod  dizajniranja  nastavnih 
materijala  i u organizacijske  svrhe  kod  planiranja  nastave,  a s ciljem 
poboljsanja  studentskih  ishoda  ucenja. 

Kljucne  rijeci:  stil  ucenja,  ANOVA,  metode  strojnog  ucenja, 
izborni  modul,  uspjesnost  studiranja 


Uvod 

U preporukama Bolonjske  deklaracije*  posebna pozomost  posvecena je  izbornosti, 
tj.  prilikama  studenata  da  sami  kreiraju  sadrzaje  svojega  studija.  Stoga  2005.  godine 

* Tuning,  2005.,  EUA  tuning  educational  structures  in  Europe,  dostupno  na  internetskoj  adresi: 
http//www.  let  .rug.nl/TuningProject/indeks  .htm  (uvid  4.  Ozujka  2005.). 
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visokoobrazovne  ustanove  izraduju  nove  programe  u okvim  kojih  sadrzaje  za  izv- 
jestan  postotak  vremena  studiranja  prepustaju  izboru  studenata  u skladu  s njihovim 
interesima.  Paralelno  se  u Hrvatskoj  radi  na  preustroju  Visokih  uciteljskih  skola 
u Uciteljske  fakultete.  Ukida  se  dotadasnja  praksa  studija  pojacanoga  programa 
iz  pojedinoga  predmeta  kojim  su  se  studenti  uciteljskih  studija  osposobljavali  za 
dvije  djelatnosti:  a)  ucitelja  u primarnom  obrazovanju  i b)  predmetnoga  ucitelja 
djece  starosti  do  14  godina.  No,  kreatori  programa  uciteljskih  studija  i dalje  ustraju 
na  potrebi  da  se  u okviru  uciteljskih  studija  pruzi  prilika  studentima  za  postizanje 
dodatnih  kompetencija  u skladu  s njihovim  interesima,  a sa  ciljem  kvalitetnije 
izobrazbe  djece  u primarnom  obrazovanju.  To  je  bilo  i u skladu  s bolonjskim  pre- 
porukama.  Stoga  se  kreiranju  uciteljskih  studijskih  programa  prislo  na  tri  razine: 
obvezni  kolegiji,  kolegiji  izbornoga  modula  i slobodni  izborni  kolegiji.  Izborni 
modul  na  uciteljskim  studijima  tada  je  defmiran  kao  skup  kolegija  koji  svojim 
sadrzajima  uze  usmjeravaju  studenta  prema  dodatnim  kompetencijama.  U pro- 
gramu  uciteljskih  studija  kreiranom  na  Visokoj  uciteljskoj  skoli  u Osijeku,  a koji 
je  2005.  godine  pozitivno  recenziran^  od  strane  Nacionalnoga  vijeca  za  visoko 
obrazovanje,  kolegiji  izbornoga  modula  i slobodni  izborni  kolegiji  pokrivaju  skoro 
30%  sveukupnoga  ECTS  opterecenja  studenta. 

Nakon  prvog  semestra  studenti  integriranog  preddiplomskog  i diplomskog 
sveucilisnog  studija  Uciteljskog  fakulteta  u Osijeku  opredjeljuju  se  za  jedan  od 
izbomih  modula  koji  ih  osposobljavaju  za  specificna  podrucja  odgoja  i obrazovanja 
djece  mlade  skolske  dobi.  Ponudena  su  im  tri  modula  pri  cemu  ih  modul  razvo- 
jnog  usmjerenja  (modul  A)  s izabranim  predmetima  iz  pedagogije  i psihologije  sire 
osposobljava  za  razumijevanje  specificnih  pitanja  odgoja  i obrazovanja  djece,  infor- 
maticki  modul  (modul  B)  ih  temeljitije  osposobljava  za  koristenje  informacijskih 
tehnologija  u odgojno-obrazovnom  procesu  te  za  informaticki  odgoj  i obrazovanje 
djece  u primarnom  obrazovanju,  dok  ih  modul  stranih  jezika  (modul  C)  dodatno 
osposobljava  za  rano  poucavanje  djece  mlade  skolske  dobi  stranom  jeziku. 

S obzirom  na  rezultate  prethodnih  istrazivanja  drugih  autora  (Pask,  1988  u 
Hativa,  Birenbaum,  2000;  Naimie  i dr.  2010)  koji  pokazuju  da  uskladenost  stila 
ucenja  i stila  poucavanja  utjece  na  uspjesnost  studenata,  cilj  ovog  rada  bio  je  ispitati 
postoji  li  veza  izmedu  stila  ucenja  studenata  i upisanog  izbornog  modula,  kako  hi 
se  na  temelju  tih  rezultata  pristupilo  uskladivanju  stila  poucavanja  sa  stilom  ucenja, 
a u svrhu  povecanja  uspjesnosti  studiranja.  Za  potrebe  rada  provedeno  je  vlastito 
istrazivanje  2010./1 1 . akademske  godine  medu  studentima  pete  godine  Uciteljskog 
fakulteta  u Osijeku.  Za  testiranje  stila  ucenja  studenata  upotrijebljen  je  indeks  stila 
ucenja  Feldera  i Solomanove  te  su  prikupljeni  podatci  i o uspjesnosti  studenata. 
Istrazivala  se  korelacija  izmedu  dimenzija  stila  ucenja  detektiranih  indeksom  stila 
ucenja  Feldera  i Solomanove  te  odabranog  izbornog  modula,  proucavala  se  razlika 
u stilovima  ucenja  ovisno  o odabranom  izbornom  modulu  koristeci  metodu  jed- 
nosmjerne  analize  varijance,  dok  se  za  razvrstavanje  studenata  prema  uspjesnosti 
koristila  klasifikacijska  metoda  k-najblizeg  susjeda  (eng.  k-nearest  neighbor). 

^ Ministar  znanosti,  obrazovanja  i sporta  RH,  Dragan  Primorac,  potpisao  je  16.  lipnja  2005. 
godine  dopusnicu  Visokoj  uciteljskoj  skoli  u Osijeku  za  izvodenje  integriranoga  preddiplomskog  i 
diplomskog  petogodisnjeg  sveucilisnog  uciteljskog  studija. 
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0 indeksu  stila  ucenja 

Felder  i Silverman  (1988)  predlozili  su  model  stila  ucenja  koji  je  klasi- 
ficirao  ispitanike  po  sklonostima  prema  jednoj  od  cetiri  dimenzije:  senzomo- 
intuitivno  dimenziji,  vizualno-verbalno  dimenziji,  aktivno-refleksivno  dimenziji  i 
sekvencijalno-globalnoj  dimenziji.  Svaka  od  navedenih  dimenzija  razlikuje  dva 
osnovna  tipa.  U svom  radu  (Felder,  Silverman,  1988)  oni  navode  osnovne  karak- 
teristike  svake  dimenzije  te  isticu  razlike  izmedu  svakog  tipa  navedene  dimenzije. 
Tako  navode  da  ispitanici  koji  preferiraju  senzorno  ucenje  vole  podatke,  cinjenice 

1 eksperimentiranje,  dok  oni  koji  su  intuitivni  tip  vise  vole  principe  i teorije.  Oni 
koji  imaju  vizualni  tip  najlakse  pamte  informacije  ukoliko  su  im  one  predstavljene 
slikovnim  prikazima,  grafovima,  fdmovima  i demonstracijama,  dok  verbalni  tip 
lakse  pamti  ono  sto  je  izgovoreno  ili  napisano.  Ispitanici  koji  imaju  aktivni  tip 
najlakse  uce  isprobavajuci  stvari  te  vole  rad  u grupi,  dok  oni  s istaknutim  reflek- 
tivnim  tipom  preferiraju  samostalni  rad.  Sekvencijalni  ispitanici  uce  novo  gradivo 
u rastucim  koracima,  dok  globalni  uce  novo  gradivo  u “vecim  skokovima”. 

Kao  nastavak  tog  istrazivanja,  Felder  i Soloman  (1991)  razvili  su  indeks  stila 
ucenja  kao  instrument  (upitnik)  koji  ispituje  sklonosti  ispitanika  prema  dimenzi- 
jama  modela  stila  ucenja  Feldera  i Silvermanove.  Sastoji  se  od  44  pitanja  pri  cemu 
je  za  svaku  dimenziju  postavljeno  1 1 pitanja  na  koja  se  odgovara  s odgovorimaa  ili 
b.  Broj  odgovora  b oduzima  se  od  broja  odgovora  a za  svaku  grupu  pitanja  tako  da 
je  za  svaku  dimenziju  rezultat  broj  izmedu  —11  i 11.  Ukoliko  se  apsolutna  vrijed- 
nost  dobivenog  rezultata  nalazi  u intervalu  [1,3]  tada  govorimo  o uravnotezenom 
odnosu  unutar  dimenzija,  ako  je  rezultat  u intervalu  [5,7]  tada  govorimo  o um- 
jerenoj  sklonosti  prema  jednoj  dimenziji,  a ukoliko  je  rezultat  u intervalu  [9,11] 
tada  govorimo  o izrazitom  preferiranju  jedne  dimenzije. 


Pregled  prethodnih  istrazivanja 

Istrazivanja  su  pokazala  da  u slucajevima  kada  je  stil  poucavanja  slican  stilu 
ucenja  studenata  tada  studenti  lakse  usvajaju  gradivo  i efikasniji  su  u ucenju  od 
onih  studenata  kod  kojih  se  stil  ucenja  ne  podudara  sa  stilom  poucavanja  (Pask, 
1988,  u Hativa,  Birenbaum,  2000).  Naimie,  Siraj  i dr.  (2010)  istrazivali  su  ut- 
jecaj stila  poucavanja  i stila  ucenja  studenata  te  utjecaj  njihovog  podudaranja  ili 
nepodudaranja  na  uspjesnost  studenata.  Na  uzorku  od  310  studenata  koristeci  in- 
deks stila  ucenja  Feldera  i Solomanove,  promatranja  i intervjue  za  prikupljanje 
podataka,  pokazali  su  da  podudaranje  stila  ucenja  i poucavanja  moze  povecati 
uspjesnost  studenata.  Nepodudaranje  se  pojavljuje  kada  studentova  preferirana 
metoda  procesiranja  informacije  nije  u skladu  s preferiranim  stilom  poucavanja 
ucitelja/profesora  sto  moze  uzrokovati  slabu  ucinkovitost  studenta  zbog  njegove 
demotiviranosti,  odnosno  studentu  moze  bid  dosadno  te  moze  biti  nezainteresiran, 
losije  napisati  ispite,  postati  obeshrabren  te  u nekim  slucajevima  promijeniti  kolegij 
koji  slusa  (Felder,  Spurlin,  2005).  Amir  i Jelas  (2010)  takoder  istrazuju  o podu- 
daranju  stila  poucavanja  i stila  ucenja  studenata.  Na  uzorku  od  545  studenata  i 
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120  kolegija  upotrjebljujuci  prevedenu  verziju  Grasha-Riechmanovog^  inventara 
stila  poucavanja  i stila  ucenja  proucavali  su  koji  su  stilovi  ucenja  dominantni  na 
Sveucilistu  Kebangsaan,  Malaysia. 


Metodologija  istrazivanja 

Istrazivanje  se  provelo  ak.  god.  2010./2011.  na  studentimapetegodineUciteljskog 
fakulteta  u Osijeku.  Uzorak  je  obuhvatio  109  studenata.  Instrument  koristen  za 
ispitivanje  stila  ucenja  studenata  je  prevedeni  na  hrvatski  jezik  indeks  stila  ucenja 
Feldera  i Solomanove  koji  je  dostupan  u obliku  besplatne  web  aplikacije.  Kod 
obrade  i analize  podataka  koristio  se  program  Statistica  8.  U cilju  otkrivanja  pos- 
toji  li  razlika  izmedu  stilova  ucenja  studenata  i njihove  sklonosti  odabiru  modula 
upotrijebljena  je  statisticka  metoda  jednosmjerne  analize  varijance  (ANOVA).  S 
obzirom  da  je  ANOVA  pokazala  odredene  zavisnosti,  pretpostavilo  se  da  je  moguce 
kreirati  model  strojnog  ucenja  koji  ce  na  temelju  ulaznih  varijabli  o stilu  ucenja 
studenata  procijeniti  u koji  izborni  modul  studenta  treba  razvrstati.  U tu  svrhu 
testirana  je  klasifikacijska  metoda  k-najblizeg  susjeda. 


Metodologija  analize  varijance  (ANOVA) 

Analiza  varijance  (ANOVA)  je  statisticka  metoda  koja  se  koristi  za  ispitivanje 
statisticki  znacajnih  razlika  izmedu  srednjih  vrijednosti  dviju  ili  vise  grupa,  pod 
pretpostavkom  daje  uzorak  populacije  normalno  distribuiran  (NIST/SEMATECH, 
2010).  Osnovna  formula  za  izracun  varijance  od  n mjerenja  je  (McClave,  Ben- 
son, 1998): 

o2  _ *=1 


gdje  je  y srednja  vrijednost  n mjerenja.  Kod  ANOVE,  varijacija  zavisne  varijable  je 
podijeljena  u komponente  koje  odgovaraju  razlicitim  vrijednostima  nezavisnih  var- 
ijabli tj.  varijabli  grupe.  Cilj  ANOVE  je  podijeliti  ukupnu  varijaciju  kod  podataka 
u dio  s obzirom  na  slucajnu  gresku  i dijelove  s obzirom  na  promjene  u vrijed- 
nostima nezavisne  varijable.  U nasim  eksperimentima,  svaki  od  tipova  stilova 
ucenja  zasebno  se  koristio  kao  zavisna  varijabla,  dok  je  izabrani  izborni  modul  bio 
koristen  kao  nezavisna  varijabla  (valoriziran  kao  modul  A,  B i C).  Deskriptivna 
statistika  pokazuje  da  su  podatci  o stilu  ucenja  normalno  distribuirani,  prema  tome 
pretpostavka  za  ANOVU  je  bila  zadovoljena.  Test  statistika,  koristena  za  testiranje 
jednakosti  tretmana  srednjih  vrijednosti  je  E test.  Kriticna  vrijednost  je  tablicna 
vrijednost  za  E distribuciju,  temeljena  na  odabranoj  p-razini  i stupnjevima  slobode. 

^ eng.  izraz:  Grasha-Riechman  Teaching  and  Learning  Style  Inventories. 
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Metodologija  /c-najblizeg  susjeda 

Metodologija  ^-najblizeg  susjeda  je  metoda  koja  uci  na  primjerima,  a koristi  se 
za  klasifikaciju  ulaznih  vektora  na  temelju  najblizih  primjera  u ulaznom  prostoru, 
premda  se  moze  koristiti  i kod  regresijskog  tipa  problema.  To  je  jedna  od  najcesce 
koristenih  metoda  strojnog  ucenja,  uspjesno  je  primijenjena  u mnogim  podrucjima, 
kao  sto  je  rudarenje  podatcima,  statisticki  raspoznavanje  uzoraka,  obrada  slike  i 
mnoga  dmga  (Teknomo,  2011).  Govindarajan  i RM.  Chandrasekaran  (2010)  su 
pokazali  da  je  ucinkovita  u rudarenju  teksta  za  izravni  marketing.  Prednost  ove 
metode  je  u njezinoj  jednostavnosti  uporabe  i tumacenja,  a slabost  je  u vremenski 
zahtjevnoj  obradi  kod  procesa  pretrazivanja  koji  je  proporcionalan  velicini  uzorka 
za  treniranje  (Kudo  et  al,  2003). 

Metoda  djeluje  na  nacin  da  je  ulazni  vektor  klasificiran  vecinom  glasova  svojih 
susjeda.  Susjedioznacavaju  ulazne  vektorezakojejepoznataispravnaklasifikacija. 
Novi  ulazni  vektor  dodjeljuje  se  onoj  kategoriji  izlazne  varijable  koja  je  najcesca 
medu  svojim  k najblizim  susjedima,  gdje  je  k pozitivan  broj,  obicno  postavljen  na 
male  vrijednosti.  Ako  je  k = \,  tada  je  ulazni  vektor  jednostavno  dodijeljen  klasi 
najblizeg  susjeda.  U nasim  eksperimentima,  velicina  k je  odredena  u postupku 
n-struke  unakrsne  validacije  (zbog  malog  uzorka,  koristena  je  vrijednost  n = 3), 
koja  je  pokazala  da  je  k = 2 je  najbolji  izbor  za  promatrane  podatke).  Kako  bi  se 
mjerila  udaljenost  izmedu  ulaznog  vektora  i njegovih  susjeda,  koristila  se  euklidska 
udaljenost  gdje  je  udaljenost  izmedu  tocaka  p i q duljina  duzine  koja  ih  spaja. 

Un-dimenzionalnom  prostoru,  akosup=  {pi,p2,  ■ ■ ■ ,P«)iq=  ■■■  ,<ln) 

dvije  tocke,  onda  Euklidova  udaljenost  od  p do  q,  ili  od  q do  p je  dana  (Teknomo, 
2011): 


d{p,q)  = d{q,p)  = (qi  - pi  f + (^2  ~ Pi)^  + ■ ■ ■ + {qn  ~ PnY 


(2) 


Ova  metoda  se  koristi  u nasim  eksperimentima  za  potrebe  klasifikacije  studenata 
prema  njihovoj  uspjesnosti  studiranja,  koja  je  mjerena  prosjecnom  ocjenom  studi- 
ranja.  U fazi  predprocesiranja,  izlazna  varijabla  (tj.  prosjecna  ocjena)  je  pretvorena 
u binarni  format,  tako  da  vrijednost  0 ukazuje  na  uspjeh  ispod  4,  dok  je  vrijednost 
1 znacila  uspjeh  jednak  ili  veci  od  4 (ocjene  su  izrazene  u rasponu  1 do  5).  Ulazne 
varijable  su  bile  osam  tipova  stila  ucenja  i odabrani  modul.  Kako  bi  se  izvrsila 
metoda  k-najblizeg  susjeda,  uzorak  podataka  je  nasumicno  podijeljen  na  uzorak 
za  treniranje  (75%  podataka)  i uzorak  za  testiranje  (25%  podataka).  Model  je 
procijenjen  na  uzorku  za  treniranje,  dok  je  uzorak  za  testiranje  koristen  za  procjenu 
njegovu  tocnost.  Matrica  konfuzije  koja  prikazuje  tocnu  i netocnu  klasifikaciju 
prikazana  je  za  dobiveni  model,  i stopa  tocnosti  klasifikacije  (tj.  stopa  pogodaka, 
eng.  hit  rate)  izracunava  se  zasebno  za  kategoriju  0 i 1 kategorije.  Konacna  oc- 
jena uspjesnosti  modela  provodi  se  na  temelju  prosjecne  slope  klasifikacije  obje 
kategorije  izlazne  varijable. 
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Rezultati 

U istrazivanju  se  najprije  analizirala  raspodjela  sklonosti  ispitanika  prema 
svakoj  dimenziji  indeksa  stila  ucenja  Feldera  i Solomanove.  U Tablici  1 prikazana 
je  klasifikacija  sklonosti  ispitanika  na  izrazitu,  umjerenu  sklonost  prema  dimenz- 
ijama  indeksa  stila  ucenja  Felder  i Solomanove  te  na  uravnotezen  odnos  izmedu 
dimenzija. 


Uciteljski  fakultet  {N  = 109) 


Sklonost  Stil  ucenja 


A 

R 

SE 

1 

VI 

VE 

SEK 

GL 

Izrazita 

11 

0 

3 

0 

3 

0 

18 

0 

Umjerena 

49 

2 

37 

2 

14 

3 

50 

1 

Uravnotezen  odnos 

39 

8 

52 

15 

57 

32 

30 

10 

A - aktivna,  R - refleksivna,  SE  - senzorna,  1 - intuitivna,  VI  - vizualna, 
VE  - verbalna,  SEK  - sekvencijalna,  GL  - globalna 


Tablica  1.  Distribucija  stila  ucenja. 

Preporuka  je  (Felder,  Spurlin,  2005.)  promatrati  samo  ispitanike  koji  imaju 
umjerenu  ili  izrazitu  sklonost  prema  nekoj  dimenziji,  pa  su  za  potrebe  ovog  is- 
trazivanja  ti  ispitanici  svrstani  u jednu  kategoriju  kao  sto  je  prikazano  u tablici 
2.  Za  kategoriju  izrazite/umjerene  sklonosti  uzimaju  se  vrijednosti  od  5 do  11 
kod  svake  dimenzije  indeksa  stila  ucenja  Feldera  i Solomanove,  a za  uravnotezeni 
odnos  vrijednosti  od  3 do  —3. 

Rezultati  su  pokazali  da  55.05%  ispitanika  ima  sklonost  prema  aktivnoj  di- 
menziji, 15.60%  prema  vizualnoj,  a 0.92%  prema  globalnoj  dimenziji. 


Aktivna  - refleksivna 

Senzorna  - intuitivna 

UMa/1a 

Ua-r 

UMr/1r 

UMse/Ise 

UsE-I 

UMse/Ii 

55,05% 

43,12% 

1,83% 

36,70% 

61,47% 

1,83% 

Vizualna  - verbalna 

Sekvencijalna  - globalna 

UMvi/lvi 

Uvi-VE 

UMve/Ive 

UMsek/Isek 

UsEK-GL 

UMgl/Igl 

15,60% 

81,65% 

2,75% 

62,38% 

36,70% 

0,92% 

*UM  - umjerena  prednost,  1 - izrazita  sklonost,  U - uravnotezen  odnos 


Tablica  2.  Klasifikacija  prema  intenzitetu  sklonosti. 

Prije  same  analize  varijance  napravljena  je  korelacijska  analiza  kako  bi  se 
istrazilo  postojanje  linearnih  veza  izmedu  izabranog  modula  kao  zavisne  vari- 
jable  i dimenzija  stila  ucenja  kao  nezavisnih  varijabli.  Rezultati  su  pokazali  da 
je  sekvencijalno-globalna  dimenzija  u korelaciji  sa  odabranim  modulom,  no  tipovi 
sekvencijalno-globalne  dimenzije  nisu  u korelaciji  s aktivnim,  refleksivnim,  vizual- 
nim  i verbalnim  tipom  stila  ucenja  (na  razini  znacajnosti  p<0.05). 
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Rezultati  ANOVE  su  pokazali  da  postoji  statisticki  znacajna  veza  (p<0.05) 
izmedu  kategorija  modula  i sekvencijalnog  stila  ucenja  (F=  4.124,  p=  0.019),  te 
izmedu  kategorija  modula  i globalnog  stila  ucenja  (F=  4.124,  p=  0.019),  tj,  da 
se  student!  koji  su  izabrali  razlicite  module  razlikuju  medusobno  i po  stilu  ucenja. 
Takoder,  primijetilo  se  da  se  aktivni,  vizualni,  refleksivni,  senzorni  i intuitivni  tipovi 
uklapaju  u sve  module,  sekvencijalni  tipovi  pretezno  biraju  razvojni  modul  (modul 
A),  a globalni  tipovi  cesce  biraju  informaticki  modul  (modul  B).  Detaljni  rezultati 
metode  ANOVA  prikazani  su  u Tablici  3. 


Stil  ucenja 

Stupnjevi  slobode 

F 

P 

aktivni 

106 

0,478765 

0,620881 

refleksivni 

106 

0,478765 

0,620881 

senzorni 

106 

0,197495 

0,821086 

intuitivni 

106 

0,197495 

0,821086 

vizualni 

106 

0,161496 

0,851079 

verbalni 

106 

0,161496 

0,851079 

sekvencijalni 

106 

4,124447 

0,018839 

globalni 

106 

4,124447 

0,018839 

Table  3.  Rezultati  metode  ANOVA. 

Kako  bi  se  istrazilo  postoji  11  mogucnost  predvidanja  da  11  ce  student  bit!  iz- 
nad  prosjecno  uspjesan  ukoliko  je  poznat  modul  koji  zeli  izabrati,  te  informacije 
o njegovom  stilu  ucenja,  kreiran  je  model  za  klasifikaciju  studenata  s obzirom  na 
uspjesnost,  pri  cemu  je  koristena  metoda  k najblizeg  susjeda.  Rezultati  u obliku 
stopa  tocnosti  za  pojedinu  kategoriju  studenata  prikazani  su  u Tablici  4. 


Algoritam  za  racunanje 
udaljenosti 

Stopa  pogodaka  za 
kategoriju  0 (studenti 
s prosjekom  ispod  4) 

Stopa  pogodaka  za 
kategoriju  1 (studenti 
s prosjekom  iznad  4) 

Prosjecna 
stopa  pogodaka 

Euklidski,  k = 2 

75.00% 

62.00% 

68.5% 

Table  4.  Rezultati  metode  ^-najblizeg  susjeda  u klasificiranju  studenata 
prema  uspjehu  dobiveni  na  uzorku  za  testiranje. 

Tablica  4 pokazuje  da  metoda  k najblizeg  susjeda  uspjesno  razvrstava  75% 
studenata  koji  pripadaju  u kategoriju  0 (onih  koji  imaju  prosjecnu  uspjesnost  studi- 
ranja  ispod  4),  dok  model  tocno  prepoznaje  62%  studenata  koji  imaju  prosjek  iznad 
ill  jednak  4 (kategorija  1).  Dakle,  manje  uspjesni  student!  su  laksi  za  prepozna- 
vanje  od  onih  vrlo  uspjesnih  prema  primijenjenoj  metodi.  Prosjecna  stopa  tocnosti 
modela  za  obje  kategorije  studenata  je  68.5%,  sto  je  bolje  od  slucajnog  odabira, 
pa  se  model  prema  tome  moze  smatrati  uspjesnim  u klasificiranju  studenata  prema 
uspjesnost!  studiranja. 

Zakijucak 

Cilj  rada  bio  je  utvrditi  dominantni  stil  ucenja  studenata  primjenom  indeksa 
stila  ucenja  Feldera  i Solomanove,  istraziti  postoji  li  veza  izmedu  dominantnog  stila 
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ucenja  studenata  i odabranog  izbornog  modula  koristeci  jednosmjernu  analizu  var- 
ijance,  a zatim  s pomocu  metode  strojnog  ucenja  k-najblizeg  susjeda  kreirati  model 
za  predvidanje  uspjesnosti  studenata  s obzirom  na  izborni  modul  i stil  ucenja. 

Istrazivanje  je  pokazalo  da  vecina  nasih  ispitanika  ima  najmanju  sklonost 
prema  refleksivnom,  intuitivnom  i globalnom  tipu  stila  ucenja,  a najvise  ih  izraz- 
itu  ill  umjerenu  sklonost  imaju  prema  sekvencijalnom  tipu.  Rezultati  ANOVE 
su  pokazali  da  postoji  statisticki  znacajna  veza  (p<0.05)  izmedu  sekvencijalno- 
globalne  dimenzije  stila  ucenja  i odabranog  izbornog  modula.  Takoder,  pokazalo 
se  da  su  sekvencijalni  i globalni  tip  stila  ucenja  u korelaciji  s odabranim  modulom 
kojeg  pohadaju  student!.  Metoda  k-najblizeg  susjeda  je  na  temelju  ulaznih  varijabli 
o stilu  ucenja  studenata  i izbornom  modulu  producirala  prosjecnu  stopu  tocnosti  od 
68.5%  u klasifikaciji  studenata  i time  pokazala  da  je  moguce  kreirati  model  stro- 
jnog ucenja  koji  ce  moci  predvidjeti  da  li  ce  student  bit!  iznadprosjecno  uspjesan 
ili  ne.  S obzirom  da  je  ovo  preliminarno  istrazivanje,  dobiveni  rezultati  moraju  se 
ograniciti  na  promatrani  uzorak,  te  u buducem  istrazivanju  poraditi  na  povecanju 
tocnosti  modela  testiranjem  i drugih  metoda. 

Kako  je  rad  pokazao  da  student!  koji  su  izabrali  pojedini  modul  imaju  ra- 
zlicite  stilove  ucenja,  preporuka  za  daljnja  istrazivanja  je  raditi  na  uskladivanju 
stila  poucavanja  odgovarajucim  stilovima  ucenja,  kako  bi  se  olaksalo  svladavanje 
gradiva  sto  vecem  broju  studenata  i time  povecala  uspjesnost  studiranja.  Na  taj 
nacin,  ovisno  o dominantnosti  stila  ucenja  studenata,  poucavatelji  bi  prilagodbom 
nastavnih  materijala  i metoda  pridonijeli  poboljsanju  ishoda  ucenja. 
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Fakultet  organizacije  i informatike,  Sveuciliste  u Zagrebu,  Hrvatska 


Sazetak.  Svrha  ove  studije  je  istrazivanje  i vrednovanje  postavki 
Bandurine  socijalne  kognitivne  teorije  samoefikasnosti  na  uzorku  stu- 
denata prve  godine  Fakulteta  organizacije  i informatike  na  Sveucilistu 
u Zagrebu.  Nase  istrazivanje  je  provedeno  u Ijetnom  semestru 
akademske  godine  2009. /2010.  u nastavi  matematike  na  uzorku  od 
202  studenta.  Nakon  konfirmatorne  faktorske  analize,  izdvojili  smo  5 
faktora  koji  mogu  utjecati  na  studentsku  samoefikasnost:  iskustvena 
vjestina  uz  drustveni  utjecaj,  psiholoska  stanja,  posredno  iskustvo, 
ocjene  i obiteljska  potpora.  Otkrili  smo  razlike  u samoefikasnosti 
onih  studenata  koji  su  polozili  ispit  iz  matematike  i onih  koji  ga  nisu 
polozili.  Tri  faktora  utjecu  na  samoefikasnost  i uspjesnih  i manje  us- 
pjesnih  studenata:  iskustvena  vjestina  uz  drustveni  utjecaj,  psiholoska 
stanja  i posredno  iskustvo.  Od  preostala  dva,  faktor  ocjena  utjece  na 
samoefikasnost  uspjesnih  studenata,  a obiteljska  potpora  na  samoe- 
fikasnost manje  uspjesnih.  Vise  je  razloga  zasto  je  samoefikasnost 
vazna  za  ucenike  i studente,  a medu  najbitnijim  jest  to  da  je  akademska 
samoefikasnost  dobar  pokazatelj  akademskog  postignuca. 


Kljucne  rijeci:  matematika,  samoefikasnost,  iskustvena  vjestina, 
posredno  iskustvo,  drustveni  utjecaj,  psiholoska  stanja 


Uvod 

Samoefikasnost  se  defmira  kao  stupanj  uvjerenja  koji  ima  pojedinac  u svoje 
akademske  sposobnosti  da  moze  uspjesno  ostvariti  ponasanje  koje  je  potrebno  da 
bi  se  postigao  odredeni  ishod  (Bandura  1977). 

Samoefikasnost  je  temeljito  istrazivana  u posljednjih  nekoliko  desetljeca. 
Pokazalo  se  da  postoje  razlicite  veze  izmedu  nje  i straha  od  matematike  (osjecaji 
napetosti  i anksioznosti  koji  utjecu  na  baratanje  brojevima  i rjesavanje  matematickih 
zadataka) , straha  od  ispitivanja,  samopostovanja  (opce  vrednovanje  sebe) , samoreg- 
ulacije  (misli  se  na  osvijestenost  i uskladivanje  procesa  misljenja  i strategija,  te 
ukljucuje  odabir  i razvoj  odgovarajucih  strategija  da  bi  se  postigli  eksplicitni  i 
implicitni  ciljevi  ucenja  (Duncan  & McKeachie,  2005)),  uspjesnosti  u rjesavanju 
zadataka,  matematickog  postignuca,. . . 
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Na  primjer,  Jain  i Dowson  (2009)  su  pokazali  da  su  faktori  samoregulacije 
i samoefikasnosti  pozitivno  i statisticki  znacajno  povezani  jedan  s drugim,  ali  da 
su  negativno  povezani  sa  strahom  od  matematike.  Hoffman  (2010)  je  pokazao 
da  je  samoefikasnost  vazan  pokazatelj  ucinkovitosti  rjesavanja  zadataka  za  manje 
slozene  probleme  o cemu  svjedoci  veca  tocnost  i smanjeno  vrijeme  rjesavanja 
zadataka.  Ti  rezultati  daju  nove  informacije  o ulozi  straha  od  matematike  i samoe- 
fikasnosti u odnosu  na  vrijeme  rjesavanja  zadataka.  Studenti  s vecim  samopouz- 
danjem  u rjesavanje  zadataka  ce  pokazati  vecu  tocnost  u tom  dijelu  zato  jer  ne 
moraju  trositi  vrijeme  na  metode  smanjivanja  stresa  (Hoffman,  2010). 


Bandurina  teorija  samoefikasnosti 

Bandura  (1997)  smatra  da  su  uvjerenja  o efikasnosti  kljucan  cimbenik  u sus- 
tavu  ljudskih  sposobnosti.  Pokazuje  se  da  razliciti  ljudi  sa  slicnim  vjestinama,  ili 
pak  ista  osoba  u razlicitim  okolnostima  moze  izvesti  neku  radnju  lose,  dobro  ili 
izvrsno,  ovisno  o promjenama  u vjerovanjima  o vlastitoj  efikasnosti. 

Bandurina  teorija  pretpostavlja  da  na  samoefikasnost  utjecu  cetiri  faktora: 
iskustvena  vjestina  (ME),  posredno  iskustvo  (VE),  drustveni  utjecaj  (SP)  i psi- 
holoska  stanja  (PH).  Po  toj  teoriji,  na  samoefikasnost  snazno  utjecu  prethodna 
postignuca.  Na  primjer,  pokazuje  se  da  je  iskustvena  vjestina  posebice  snazna  kada 
pojedinci  svladaju  prepreke  ili  uspiju  u zahtjevnoj  zadaci  pa  tako  uspjesan  rezul- 
tat  u kolegiju  moze  imati  trajne  ucinke  na  samoefikasnost.  Primjeri  posrednog 
iskustva  su:  pracenje  drugih  i promatranje  uspjesnih  kolega,  ucitelja  i odraslih. 
Pod  drustvenim  utjecajem  misli  se  na  roditeljsku,  uciteljsku  ili  kolegijalnu  potporu 
koja  moze  poboljsati  studentovo  samopouzdanje  u vlastite  akademske  sposobnosti. 
Primjeri  psiholoskih  stanja  su  snazna  anksioznost,  stres,  cudljivost,  umor  - sve 
to  moze  oslabiti  samoefikasnost.  Takoder,  Bandurina  teorija  samoefikasnosti  pret- 
postavlja da  se  ponasanje  moze  mijenjati  u skladu  s ocekivanjima  o samoefikasnosti, 
koja  mogu  jacati  ili  slabiti,  ovisno  o razlicitoj  povratnoj  informaciji  koju  pojedinac 
dobiva  (Bandura  1977). 


istrazivanje 

Nase  istrazivanje  je  provedeno  u Ijetnom  semestru  akademske  godine 
2009./2010.  u nastavi  matematike  na  uzorku  od  202  studenta.  Istrazivanje  je 
provedeno  on-line  unutar  sustava  za  e-ucenje  Moodle  i studenti  su  mu  pristupili 
krajem  drugog  semestra.  Ispunjavanje  upitnika  bilo  je  dobro voljno,  ali  su  se  stu- 
denti motivirali  s 1 bodom  (od  ukupno  100  koliko  je  moguce  dobiti  razlicitim 
aktivnostima  na  predmetu). 

Postavili  smo  sljedeca  istrazivacka  pitanja: 

1.  Koji  faktori  utjecu  na  samoefikasnost  u ucenju  matematike  cijele  grupe  IKT 
studenata? 

2.  Da  li  postoje  razlike  u samoefikasnosti  izmedu  uspjesnih  i manje  uspjesnih 
studenata,  tj.  onih  koji  su  polozili  matematiku  putem  kontinuiranog  pracenja 


420 


Mirela  Brumec,  Blazenka  Divjak  i Petra  Zugec 


tijekom  semestra  ili  temeljem  ispita  na  kraju  semestra,  te  onih  koji  nisu 
polozili  matematiku? 

Anketa  koju  smo  koristili  preuzeta  je  iz  “Sources  of  self-efficacy  in  mathe- 
matics: A validation  study”  (Usher,  Pajares,  2009).  Pitanja  su  bila  prevedena 
na  hrvatski  i prilagodena  za  danu  grupu  studenata  (IKT  studenti  prve  godine  na 
matematickim  predmetima).  Dodano  je  jedno  pitanje.  Sve  promjene  su  naznacene 
u popisu  pitanja. 

Pitanja  iz  ankete: 

1.  (MEl)  Dobivam  dosta  bodova  i dobre  ocjene  na  kolokvijima  i testovima  iz 
matematike.  {Modificirano.) 

2.  (ME5)  Oduvijek  sam  dobar/-a  u matematici. 

3.  (MEIO)  Cak  i kad  ucim  puno,  postizem  lose  rezultate  iz  matematike. 

4.  (ME15)  Dobio/-la  sam  dobre  ocjene  na  zadnjem  kolokviju  iz  matematike. 
{Modificirano.) 

5.  (ME20)  Dobro  mi  ide  rjesavanje  zadataka. 

6.  (ME25)  Dobro  rjesavam  cak  i najteze  zadatke. 

7.  (VA2)  Kad  vidim  starije  studente  da  im  matematika  ide  dobro  i ja  se  jace 
trudim. 

8.  (VA6)  Kad  vidim  svojeg  nastavnika  kako  rjesava  zadatke  i ja  mogu  zamisliti 
da  rjesavam  zadatak  na  isti  nacin. 

9.  (VPll)  Kad  vidim  da  mojim  kolegama/-icama  matematika  ide  bolje  nego 
meni,  onda  se  i ja  vise  trudim. 

10.  (VP16)  Kad  vidim  svojeg  kolegu/-icu  kako  rjesava  zadatke  i ja  mogu  za- 
misliti da  rjesavam  zadatak  na  isti  nacin. 

11.  (VS21)  Zamisljam  si  da  mogu  uspjesno  rijesiti  i izazovnije  matematicke 
zadatke. 

12.  (VS9)  Natjecem  se  sam  sa  sobom  u postizanju  sve  boljih  rezultata. 

13.  (P3)  Moj  nastavnik/asistent  mi  je  rekao  da  sam  dobar/-a  iz  matematike. 

14.  (P7)  Drug!  su  mi  rekli  da  imam  talent  za  matematiku. 

15.  (P12)  Odrasli  iz  moje  obitelji  su  me  pohvalili  kad  sam  bio/bila  dobar/-a  u 
skolskoj  matematici.  (Modificirano.) 

16.  (P17)  Odrasli  iz  moje  obitelji  me  i dalje  pohvale  kad  postignem  dobar 
rezultat  iz  kolokvija  ili  testa  iz  matematike.  (Dodano.) 

17.  (P22)  Nagraden/-a  sam  za  svoje  matematicke  sposobnosti. 

18.  (P14)  Kolege  studenti/-ce  su  mi  rekli  da  sam  dobar/-a  u matematici. 

19.  (P4)  Moje  kolege/-ice  vole  raditi  matematiku  sa  mnom  jer  misle  da  mi 
dobro  ide. 

20.  (PH8)  Vec  time  sto  sjedim  na  satu  matematike  osjecam  se  nervozno. 

21.  (PH13)  Rjesavanje  zadataka  iz  matematike  trosi  svu  moju  energiju. 

22.  (PHI 8)  Osjecam  se  opusteno  cim  pocnem  raditi  matematiku. 

23.  (PH23)  Mozak  mi  zablokira  i ne  mogu  jasno  razmisljati  kad  radim  mate- 
maticke zadatke. 

24.  (PH19)  Eose  se  osjecam  kad  mislim  na  ucenje  matematike. 

25.  (PH24)  Cijelo  tijelo  mi  je  napeto  kad  moram  raditi  matematiku. 
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Modificirali  smo  pitanja  MEl,  ME  15  i P12  te  dodali  pitanje  PI 7.  Modifikacija 
je  bila  potrebna  jer  je  originalna  anketa  bila  radena  za  ucenike  srednjih  skola,  a ne 
za  studente  te  smo  u pitanja  MEl  i ME15  dodali  “na  kolokvijima”.  Pitanje  iz  ankete 
“Odrasli  iz  moje  obitelji  me  hvale  da  sum  dobar  ucenik  iz  matematike.”  podijelili 
smo  na  pitanja  P12  i P17  cime  smo  htjeli  razlikovati  pohvalu  odraslih  iz  obitelji 
za  uspjeh  ucenika  u skolskoj  matematici  i pohvalu  odraslih  za  uspjeh  studenta  na 
fakultetskoj  matematici. 

Kaiser-Meyer-Olkinova  (KMO)  mjera  za  cijelu  grupu  studenata  je  0, 916  sto 
potvrduje  da  su  prikupljeni  podaci  prikladni  za  provodenje  faktorske  analize. 


Scree  Plot 


Slika  1.  Dijagram  za  25  varijabli.  Nax-osi  su  varijable,  a nay-osi  svojstvene  vrijednosti. 


Faktori 

Svojstvene  vrijednosti 

ukupno 

% varijance 

kumulativni  % 

1 

9,789 

39, 156 

39, 156 

2 

2,467 

9,867 

49,  022 

3 

1,538 

6, 151 

55, 174 

4 

1,287 

5, 148 

60,  322 

5 

1,074 

4,297 

64,619 

6 

,928 

3,714 

68,  333 

7 

,858 

3,432 

71,764 

8 

,717 

2,  867 

74,  632 

9 

,673 

2,692 

77,  323 

10 

,653 

2,611 

79,  934 

11 

,562 

2,247 

82,  181 

12 

,544 

2,  177 

84,  358 

13 

,476 

1,903 

86,  262 

14 

,443 

1,774 

88,035 

15 

,412 

1,649 

89,685 

16 

,365 

1,460 

91,  145 

17 

,343 

1,373 

92,518 
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18 

,314 

1,257 

93, 775 

19 

,287 

1,  147 

94, 922 

20 

,263 

1,052 

95,974 

21 

,238 

,952 

96, 926 

22 

,222 

,888 

97,815 

23 

,210 

,840 

98,655 

24 

, 176 

,704 

99,  359 

25 

, 160 

,641 

100,  000 

Tablica  1.  Svojstvene  vrijednosti,  pojedinacni  i kumulativni  posted 
varijance  varijabli  za  cijelu  gmpu  studenata. 


Rezultati 

Nakon  konfirmatorne  faktorske  analize  na  cijeloj  grupi  studenata  izdvojili 
smo  5 faktora  (Slika  1.  i Tablica  2.)  koji  mogu  utjecati  na  samoefikasnost  stude- 
nata, a to  su:  iskustvena  vjestina  uz  drustveni  utjecaj,  psiholoska  stanja,  posredno 
iskustvo,  ocjene  i obiteljska  potpora.  Postotak  varijance  objasnjene  s tih  5 faktora 
je  64,619%  (Tablica  1.) 


Faktori 

Iskustvena 
vjestina  i 
drustveni 
utjecaj 

Psiholosko 

stanje 

Posredno 

iskustvo 

Ocjene 

Obiteljska 

potpora 

MEl 

,320 

-,265 

, 149 

,801 

,116 

VA2 

,039 

,027 

,785 

-,047 

,147 

P3 

,433 

-,088 

,368 

,405 

-,105 

P4 

,710 

-,  135 

,301 

,277 

,121 

ME5 

,755 

-,403 

-,033 

,048 

, 124 

VP6 

,374 

-,380 

,529 

-,012 

-,181 

P7 

,827 

-,233 

,119 

-,012 

,035 

PH8 

-,123 

,762 

-,  197 

-,268 

-,007 

MEIO 

-,345 

,491 

,092 

-,260 

,273 

VPll 

-,013 

,031 

,798 

,112 

,171 

P12 

,445 

-,174 

, 159 

-,068 

,630 

PH13 

-,106 

,715 

, 107 

-,031 

-,082 

ME15 

,240 

-,  178 

,065 

,852 

,002 

VP16 

, 173 

-,  182 

,671 

,092 

-,010 

P17 

,002 

-,043 

,248 

, 106 

,824 

PH18 

,400 

-,591 

, 196 

, 185 

,094 

ME20 

,677 

-,329 

, 107 

,344 

,088 

VS21 

,698 

-,223 

,079 

, 170 

-,029 

P22 

,403 

-,238 

,301 

,240 

, 144 
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PH23 

-,402 

,631 

-,054 

-,094 

,030 

ME25 

,686 

-,368 

,050 

,282 

, 146 

VS9 

,170 

-,091 

,537 

, 158 

,251 

P14 

,737 

-,  185 

,208 

,332 

,058 

PH19 

-,341 

,731 

-,222 

-,  156 

-,  147 

PH24 

-,261 

,795 

-,  147 

-,057 

-,084 

Tablica  2.  Rotirana  matrica  komponenata  za  cijelu  gmpu  studenata. 

Zatim  smo  cijelu  grupu  studenata  podijelili  na  dvije  podgrupe:  uspjesni 
(kolokvirali  ili  polozili  matematiku  na  ispitu)  i manje  uspjesni  (koji  nisu  polozili 
matematiku). 

KMO  za  studente  iz  grupe  uspjesni  je  0,  868,  a za  grupu  manje  uspjesni  0,  821 
sto  takoder  potvrduje  da  su  podaci  prikladni  zaprovodenje  jos  dviju  konfirmatornih 
faktorskih  analiza. 

Otkrili  smo  razlike  u samoefikasnosti  onih  studenata  koji  su  polozili  matem- 
atiku i onih  koji  nisu  polozili.  Tri  su  zajednicka  faktora  koja  utjecu  na  samoe- 
fikasnost i uspjesnih  i manje  uspjesnih  studenata:  iskustvena  vjestina  uz  drustveni 
utjecaj,  psiholoska  stanja  i posredno  iskustvo.  Od  preostala  dva  faktora,  faktor 
ocjena  utjece  na  samoefikasnost  uspjesnih  studenata,  a faktor  obiteljske  potpore  na 
samoefikasnost  manje  uspjesnih. 

Postotak  varijance  objasnjene  s cetiri  faktora  koja  utjecu  na  samoefikasnost  us- 
pjesnih studenata  je  59, 458%,  dok  je  postotak  varijance  objasnjene  s cetiri  faktora 
koja  utjecu  na  samoefikasnost  manje  uspjesnih  studenata  56,423%. 

Ako  faktorsko  opterecenje  varijable  faktorom  ispod  0,5  smatramo  zane- 
marivim,  te  ako  izbacimo  iz  faktorske  analize  varijable  P3  i VS9  u grupi  uspjesni, 
te  varijable  MEl,  MEIO  i ME15  u grupi  manje  uspjesni  dobit  ce  se  da  je  postotak 
varijance  objasnjene  s 4 faktora  za  grupu  uspjesni  62,479%  (i  KMO  0,  870),  a za 
grupu  manje  uspjesni  59, 310%  (i  KMO  0,  826). 

S obzirom  na  znacenje  varijable  P3  {“Moj  nastavnik/asistent  mije  rekao  da 
sum  dobarZ-a  iz  matematike.”)  mozemo  zakljuciti  da  nastavnikova  pohvala  ne 
utjece  na  samoefikasnost  uspjesnih  studenata.  To  ne  cudi  jer  nastavnik,  koji  radi 
s velikom  grupom  studenata,  nema  prilike  upoznati  svakog  pojedinog  studenta  i 
uspostaviti  komunikaciju  kakva  je  u manjim  grupama. 

Varijabla  VS9  {“Natjecem  se  sam  sa  sobom  u postizanju  sve  boljih  rezul- 
tata”)  ne  utjece  na  samoefikasnost  uspjesnih  studenata  jer  vecina  dobrih  studenta 
uglavnom  zeli  samo  sakupiti  onoliko  bodova  koliko  im  je  potrebno  da  bi  polozili 
predmet.  To  takoder  potvrduje  i cinjenica  da  je  mali  postotak  dobrih,  vrlo  dobrih  i 
odlicnih  ocjena  na  kraju  semestra. 

Dalje,  moze  se  zakljuciti  da  varijable  povezane  s dobrim  ocjenama  i bodovima 
(MEl  i ME15)  ne  utjecu  na  samoefikasnost  manje  uspjesnih  studenata  jer  do 
trenutka  ispunjavanja  ankete  nisu  dobili  bodove  koje  oni  percipiraju  dobrim 
bodovima.  To  potvrduje  i varijabala  MEIO  {“Cak  i kad  puno  ucim,  postizem 
lose  rezultate  iz  matematike.”)  koja  se  nasla  zajedno  s ostale  dvije  varijable  u grupi 
izbacenih  varijabli. 
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Diskusija  i zakijucci 

Na  cijeloj  grupi  studenata,  kao  i na  dvije  podgrupe,  spojila  su  se  dva  Bandu- 
rina faktora  - iskustvena  vjestina  i drustveno  uvjerenje  - sto  ne  iznenaduje  jer  su 
studenti  koji  imaju  spoznaju  o svojim  dotadasnjim  uspjesnim  postignucima  cesce 
pohvaljeni  zbog  istih.  Obratno,  oni  studenti  koji  dozivljavaju  svoj  trud  u matematici 
kao  uzaludan,  skloniji  su  tumaciti  povratnu  informaciju  na  nacin  da  nisu  dovoljno 
sposobni  (Usher,  Pajares,  2009;  Bandura,  1997). 

Kod  uspjesne  gmpe  studenata  posebno  se  izdvojio  faktor  ocjene  - pitanje  MEl 
( “Dobivam  dosta  bodova  i dobre  ocjene  na  kolokvijima  i testovima  iz  matematike.”) 
i ME  15  (“DobioZ-la  sam  dobre  ocjene  na  zadnjem  kolokviju  iz  matematike.”)  - 
sto  i dalje  potvrduje  da  postoji  snazna  pozitivna  veza  izmedu  samoefikasnosti  i 
matematickog  postignuca  (Ayotola,  Adedeji,  2009). 

Kod  manje  uspjesne  gmpe  studenata  se  uz  faktor  obiteljske  potpore  - pi- 
tanje P12  {“Odrasli  iz  moje  obitelji  su  me  pohvalili  kod  sam  bio/bila  dobarZ-a  u 
skolskoj  matematici.”)  i P17  {“Odrasli  iz  moje  obitelji  me  i dalje  pohvale  kad 
postignem  dobar  rezultat  na  kolokvijima.”)  - grupiralo  i pitanje  ME15  {“DobiloZ- 
la  sam  dobre  ocjene  na  zadnjem  kolokviju  iz  matematike.”)  s negativnim  koefi- 
eijentom  korelaeije.  To  pokazuje  da  je  i studentima,  a ne  samo  ucenieima  vazna 
pohvala  i potpora  u obitelji  te  da  manje  uspjesni  studenti  imaju  jace  izrazen  strah  od 
razocaranja  roditelja.  Dalje,  kod  uspjesne  gmpe  studenata  nije  se  izdvojio  faktor 
obiteljske  potpore  (pitanja  P12  i P17)  sto  ne  znaci  da  uspjesnim  studentima  nije 
vazna  potpora  obitelji,  vec  da  na  njihovu  samoefikasnost  nece  utjeeati  strah  od 
razocaranja  roditelja.  Zivcic-Becirevic  (2003)  navodi  da  uspjesniji  studenti  cesce 
koriste  ohrabrujuce  misli,  imaju  jace  izrazenu  motivaciju  za  ucenje  i interes  za 
gradivo  te  manje  izrazen  strah  od  razocarenja  roditelja. 

Ovo  istrazivanje  daje  korisne  informacije  o faktorima  koji  grade  samoefikas- 
nost kod  studenta  te  nam  daju  uvid  o tome  koliko  je  vazna  potpora  okoline  da  bi 
se  podigla  postignuca  u ucenju  matematike.  Informacija  o samoefikasnosti  moze 
pomoci  nastavnicima  da  prilagode  svoje  strategije  poucavanja  i nacine  na  koje 
komuniciraju  sa  studentima  tako  da  u nastavnom  procesu  daju  najbolju  mogucu 
povratnu  informaciju  studentima.  Na  kraju,  vazno  je  istaknuti  ulogu  pohvale  u 
podizanju  samoefikasnoti  bez  obzira  na  dob  ucenika/ studenta  i poznatu  cinjenicu 
da  “nista  ne  uspijeva  kao  uspjeh”. 
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3.  meaunarodni  znanstveni  skup 
MATEMATIKA  I DIJETE 


Istrazivacka  nastava  matematike 
u osnovnoj  skoli:  prednosti  i primjeri 
(poster) 


Franka  Miriam  Brueckler 

Prirodoslovno-matematicki  fakultet  - Matematicki  odsjek,  Zagreb,  Hrvatska 


Sazetak.  Poznata  je  Konfucijeva  izreka:  “Cujem  i zaboravim. 
Vidim  i zapamtim.  Ucinim  i razumijem.”  Istrazivacka  nastava  poznat 
je  oblik  nastave,  no  u matematici  se  iz  raznih  razloga  dosta  rijetko 
koristi.  U nastavi  prirodnih  znanosti  posljednjih  se  desetljeca  sve  vise 
razvija  pristup  u kojem  ucenici  otkrivaju  zakonitosti,  te  se  potrebni 
pojmovi  i ostala  teorija  objasnjavaju  tek  nakon  sto  su,  primjerice 
temeljem  eksperimenta,  doneseni  odredeni  zakljucci.  Matematika  je 
pak  vise  poznata  kao  teorijska,  nego  kao  eksperimentalna  znanstvena 
disciplina  te  se  stoga  cini  da  je  bitno  teze  razviti  nastavne  planove  koji 
bi  bili  prikladni  za  istrazivacku  nastavu.  S druge  strane,  matematicka 
formalnost  nije  sama  sebi  svrhom,  iako  se  tako  cini  mnogom  djetetu 
tokom  skole  i taj  stav  zadrzi  i kao  odrasla  osoba.  Kroz  istrazivacku 
(kao  i primjerice  problemsku  i projektnu)  formule  se  mogu  uvesti 
postepeno,  na  kraju,  uslijed  potrebe  za  skracenjem  opisa  postupka. 

U mnogim  je  radovima  isticana  prednost  ucenja  otkrivanjem,  a 
posebice  za  ucenje  geometrije  otkrivanjem  postoje  i mnogi  razradeni 
primjeri,  vidi  npr.  Varosanec,  S.,  (2006).  Cilj  je  ovog  priopcenja 
povecati  fond  ideja  za  provodenje  istrazivacke  nastave  matematike, 
posebice  za  negeometrijske  teme,  te  tako  potaknuti  vece  koristenje 
ovog  oblika  u redovnoj  nastavi  matematike  u osnovnoj  skoli.  Nadalje, 
istaknut  ce  se  kako  cesto  koristeni  argument  “nemamo  vremena  da  od 
klasicne  nastave  otkinemo  dio  vremena  za  istrazivacku/projektnu  nas- 
tavu” zapravo  nije  argument,  jer  se  ovim  drugim  pristupom  obraduje 
isto  gradivo,  ali  se  pritom  povecava  razumijevanje  i ujedno  interes 
ucenika  za  matematiku. 

Kljucne  rijeci:  istrazivacki  oblik  nastave,  projektna  nastava, 
matematicki  eksperimenti,  pristup  konstruktivistickog  procesiranja  in- 
formacija  u ucenju  i poucavanju,  interaktivni  konstruktivisticki  pristup 
ucenju  i poucavanju 
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Ucitelj  i ucenici  u nastavnoj  praksi 


U cetvrtom  poglavlju  govori  se  o rezultatima  istrazivanja  i/ili  dobrim  prim- 
jerima  strategija  poucavanja  koji  rezultiraju  pozeljnim  ishodima  ucenja  djece  i 
ucenika.  Ucitelji  iz  prakse  prednost  daju  aktivnim  metodama  ucenja  i poucavanja, 
a kod  djece  mlade  skolske  dobi,  strucno  osmisljenoj  igri.  Neki  od  autora  smatraju 
da  u prvom  redu,  osobito  u skolskoj  matematici  treba,  kad  god  je  to  moguce,  zami- 
jeniti  inzistiranje  na  formalizmima  tzv.  eksperimentalnim  aspektima  matematike. 
Prema  njihovu  misljenju,  student!  uciteljskih  studija  trebaju  ovladati  interaktivnim 
konstruktivistickim  pristupom  ucenju  i poucavanju  matematike  te  bid  spremni  na 
popularni  pristup  u nastavi  matematike,  kad  god  se  za  to  pokaze  prilika.  Autori 
izvjestavaju  da  se  medu  roditeljima,  uciteljima  i u drustvu  opcenito  sve  bolje  pre- 
poznaje  vaznost  ranoga  matematickoga  obrazovanja.  Takoder,  sve  je  vise  roditelja 
zainteresirano  za  ukljucivanje  njihove  djece  s teskocama  u redovitu  nastavu  na  sto 
nas  obvezuje  nacionalna  strategija  razvoja  Republike  Hrvatske.  Ucitelji  iz  prakse 
upozoravaju  da  su  u tom  segmentu  ponijeli  nedostatna  znanja  i vjestine  s fakul- 
teta  te  ukazuju  na  potrebu  razvoja  kurikula  kojim  bi  se  student!  uciteljskih  studija 
osposobljavali  za  prepoznavanje,  izobrazbu  i podrsku  ucenika  s teskocama. 


3.  medunarodni  znanstveni  skup 
MATEMATIKA  I DIJETE 
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Franka  Miriam  Brueckler 

Prirodoslovno-matematicki  fakultet  - Matematicki  odsjek,  Zagreb,  Hrvatska 


Sazetak.  Matematika  je  poznata  kao  teorijska  znanost,  a zbog 
svog  formalizma  spada  u najnepopularnije  skolske  predmete  i znanosti. 
Suvremeni  trend  popularizacije  matematike,  koji  se  intenzivno  i sus- 
tavno  razvija  na  medunarodnoj  razini  u posljednjih  desetak  godina, 
jos  ne  pokazuje  vece  efekte  na  promjenu  stavova  ucenika  prema 
matematici.  Neovisno  o svim  sirim  aktivnostima,  iznimna  je  uloga 
ucitelja/nastavnika  matematike  kao  popularizatora  matematike,  jer 
svojim  pristupom  direktno  doprinosi  formiranju  stavova  ucenika  koje 
je  kasnije  tesko  mijenjati. 

Jedna  od  glavnih  prepreka  uspjesnoj  popularizaciji  matematike  je 
u tome  sto  se  radi  o teorijskoj  znanosti,  za  koju  se  u usporedbu  s drugim 
prirodnim  znanostima  cini  da  je  tesko  i vremenski  zahtjevno  osmisliti 
aktivnosti  koje  povezane  sa  skolskim  programima  i pritom  u njima 
ucenici  aktivno,  ne  samo  intelektom  i pisanjem,  otkrivaju  matematicke 
zakonitosti  i Ijepotu  matematike.  Matematiku  gotovo  nitko,  cak  ni 
vecina  znanstvenika  matematicara  i nastavnika  matematike,  ne  dozivl- 
javaju  kao  eksperimentalnu  znanost.  Cilj  ovog  priopcenja  je  pokazati 
da  je,  posebice  na  skolskoj  razini,  matematika  ima  i eksperimentalne 
aspekte  te  prikazati  konkretne  primjere  aktivnosti  prilagodenih  djeci 
koje  isticu  taj  aspekt  matematike. 

Kljucne  rijeci:  popularizacija  matematike,  ucenje  otkrivanjem, 
interaktivna  matematika,  pristup  konstruktivistickog  procesiranja  in- 
formacija  u ucenju  i poucavanju,  interaktivni  konstruktivisticki  pristup 
ucenju  i poucavanju 

Sto  je  dobro  obrazovanje?  Sustavno  davanje 
mogucnosti  uceniku  da  sam  otkrije  stvari.^ 

(George  Polya,  How  to  solve  itl,  1945.) 


Uvod 

Matematika  je  medu  najnepopularnijim  skolskim  predmetima  i znanostima. 
Suvremeni  trend  popularizaeije  matematike,  koja  se  nakon  Svjetske  godine  matem- 
atike 2000.  intenzivno  i sustavno  razvija  na  medunarodnoj  razini,  jos  nema  bitnih 


* What  is  good  education?  Systematically  giving  opportunity  to  the  student  to  discover  things  by 
himself. 
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efekata  na  promjenu  stavova  ucenika  prema  matematici.  Uloga  nastavnika  matem- 
atike  kao  popularizatora  matematike  je  izuzetna,  buduci  da  se  stavovi  o matematici 
(i  drugim  znanostima)  razvijeni  tokom  skolovanja  tesko  kasnije  mijenjaju.  Jedna 
od  glavnih  prepreka  uspjehu  popularizacije  matematike  je  ta  da  se  radi  o teorijskoj 
znanosti.  Stovise,  cesto  su  njene  formalne  strane  u prvom  planu,  a stvarni  sadrzaj 
(i  metode)  koje  one  predstavljaju  se  tesko  moze  otkriti.  Gotovo  nitko,  cak  ni 
znanstvenici  matematicari  ni  nastavnici  matematike,  ne  dozivljava  matematiku  kao 
eksperimentalnu  znanost.  U jako  strogo  shvacenom  znacenju  “eksperimentalne 
znanosti”  to  se  moze  prihvatiti  kao  tocno,  no  s druge  strane  matematicko  eksperi- 
mentiranje  - s brojevima,  oblicima,  idejama  - moze  dovesti  do  otkrica  struktura  i 
svojstava,  formulacija  hipoteza,  cak  i do  prvih  ideja  dokaza. 

U ovom  cemo  se  clanku  ograniciti  na  uzi  smisao  matematickog  eksperimenta: 
razmatrat  cemo  one  aktivnosti  koje  - uz  cilj  otkrivanja  neke  matematicke  cinjenice 
logickim  zakljucivanjem  - imaju  i izrazitu  interaktivnu  komponentu.  Kako  je  dobro 
poznato,  aktivno  ucenje  povecava  razumijevanje  cinjenica,  te  matematicki  eksper- 
imenti  mogu  pomoci  boljem  razumijevanju  matematike,  ali  i u mijenjanju  stavova 
djece  o matematici.  Dok  u visoj  matematici  nije  lako  naci  teme  koje  se  zgodno  mogu 
prilagoditi  nastavnom  satu,  a da  pritom  imaju  izrazitu  eksperimentalnu  i otkrivacku 
komponentu,  osnovno-  i srednjoskolski  nastavni  planovi  obiluju  temama  koje  se 
mogu  obradivati  putem  eksperimenta  i interaktivno.  Prilicno  je  ocito  da  se  gotovo 
sve  skolske  geometrijske  teme  mogu  uvesti  i objasniti  kroz  otkrivacku  nastavu,  a 
vecina  istrazivanja  geometrijskih  svojstava  se  na  dosta  ocigledan  nacin  mogu  for- 
mulirati  kao  interaktivni  eksperimenti.  No,  manje  je  ocito  da  je  to  istina  i za  vecinu 
aritmetickih  i algebarskih  tema. 

Cilj  je  ovog  clanka  dati  nekoliko  primjera  eksperimentalnog  pristupa  nekim 
standardnim  temama  koje  se  susrecu  u nastavi  matematike.  lako  se  mozda  cini 
napornim  i vremenski  zahtjevnim  da  se  razviju  i pripreme  matematicke  aktivnosti 
koje  su  u skladu  s nastavnim  planovima,  a istovremeno  takve  da  ucenici  aktivno  - 
pri  cemu  mislimo  ne  samo  na  misaonu  aktivnost  i pisanje  - otkrivaju  matematicke 
zakonitosti  i Ijepotu  matematike,  ovih  nekoliko  primjera  zamisljeni  su  tako  da 
pokazu  da  za  mnoge  matematicke  teme  nije  tesko  naci  ideju  za  preoblikovanja 
standardnog  plana  nastavnog  sata  u onaj  temeljen  na  ucenju  otkrivanjem. 

Eksperiment  1:  Otkrivanje  smisla  znamenaka  putem  jednog  magicnog  trika 

Sljedeci  matematicki  trik  [1]  je  dobro  poznat.  Izvodac  odabire  sudionika  i daje 
mu  (ili  joj)  sljedece  upute: 

(1)  da  odabere  troznamenkasti  broj  kojem  su  prva  i zadnja  znamenka  razlicite; 

(2)  zatim  treba  obmuti  redoslijed  znamenki; 

(3)  slijedi  oduzimanje  manjeg  od  veceg  od  dvaju  brojeva  iz  koraka  (1)  i (2); 

(4)  rezultatu  iz  koraka  (3)  treba  obrnuti  znamenke,  uz  napomenu  da  ako  je 
rezultat  iz  (3)  dvoznamenkast,  treba  ga  shvatiti  kao  troznamenkast  stavl- 
jajuci  nulu  kao  prvu  znamenku; 

(5)  na  kraju  treba  zbrojiti  brojeve  iz  koraka  (3)  i (4). 

Nakon  toga  izvodac  iznenaduje  publiku  pogadanjem  konacnog  rezultata:  taj 
je,  naime,  uvijek  1089. 
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Izvodenje  ovog  trika  je  jedan  od  najlaksih  i najzabavnijih  nacina  zapocinjanja 
eksperimentalnog  istrazivanja  koje  omogucuje  otkrivanje  znacenja  znamenaka  i nji- 
hovih  pozicija.  Eksperimentalni  se  dio  sastoji  u isprobavanju  vise  razlicitih  pocet- 
nih  brojeva  i otkrivanju  uzoraka.  To  bi  trebalo  dovesti  do  formulacije  hipoteze: 
“Rezultat  je  uvijek  1089.”.  No,  moze  se  postici  i puno  vise  - neka  ce  djeca  imati 
ideju  isprobati  troznamenkasti  broj  kojem  se  prva  i zadnja  znamenka  podudaraju 
i tako  doci  do  preciznije  formulacije  hipoteze:  “Rezultat  postupka  je  1089  ako 
i samo  ako  pocetni  troznamenkasti  broj  ima  razlicitu  prvu  i zadnju  znamenku.”. 
Eksperimentalni  racuni  takoder  daju  prve  ideje  dokaza,  vise  ili  manje  formalnog 
ovisno  o uzrastu  djeteta,  a koji  se  svodi  na  odgovor  na  ocigledno  pitanje:  “Zasto  je 
hipoteza  tocna?”.  Mogu  se  postaviti  i mnoga  potpitanja  koja  ce  pomoci  ucenicima 
u otkrivanju  dokaza,  ili  bar  dobivanju  osjecaja  za  potrebne  korake  (npr.  “Zasto  je 
bitno  da  se  prva  i zadnja  znamenka  razlikuju?”).  Moguce  su  i generalizacije  (cak 
je  moguce  da  ce  neka  djeca  predloziti  vlastite) : Sto  ako  pocnemo  s dvoznamenkas- 
tim  brojem?  Cetvero-  ili  viseznamenkastim?  Na  visoj  razini,  problem  se  moze 
generalizirati  i na  racun  u drugim  bazama.  Vise  pitanja  vezanih  za  ovaj  trik,  a koja 
se  sva  mogu  analizirati  eksperimentalno,  mogu  se  naci  u [2]. 

Ovaj  “Trik  1089”  lijepo  pokazuje  razliku  izmedu  eksperimentalnog  otkrivackog 
pristupa  ucenju  i klasicnog  pristupa  tipa  “zadatak-rjesenje”.  Cak  i da  se  isto  svo- 
jstvo  odabere  za  ilustraciju  smisla  znamenaka  u dekadskom  sustavu,  pristup  tipa 
“zadatak-rjesenje”  u kojem  bi  daci  kao  zadatak  dobili  dokaza  tvrdnje  “Ako  se 
pocne  s troznamenkastim  brojem  kojem  se  prva  i zadnja  znamenka  razlikuju  i za- 
tim  provedu  koraci  (l)-(4),  rezultat  ce  uvijek  bid  1089.”,  ne  samo  da  bi  vjerojatno 
bio  pretezak  za  vecinu  daka,  nego  bi  prikrio  veci  dio  stvarne  matematike  vezane 
za  ovaj  problem.  Pritom  ovdje  pod  “stvarna  matematika”  mislimo  na:  sposobnost 
formuliranja  i ispitivanja  hipoteza,  nalazenja  primjera  i protuprimjera,  te  otkrivanje 
mogucih  generalizacija  (ili  ogranicenja)  matematickih  tvrdnji,  a sto  sve  dovodi  do 
otkrivanje  potrebe  za  dokazom  i nalazenje  istog. 

Eksperiment  2:  Otkrivanje  aritmetickih  nizova  putem  jos  jednog  magicnog 

trika 

Vise  magicnih  trikova  [3],  [4]  koristi  listove  kalendara,  a matematicku  pozad- 
inu  funkcioniranja  trika  cine  svojstva  aritmetickih  nizova.  Jedan  takav  primjer  je 
sljedeci  jednostavni  trik:  Izvodac  trazi  od  sudionika  da  zaokruzi  cetiri  broja  u jed- 
nom  stupcu  nekog  lista  (mjesecnog)  kalendara  te  da  zbroji  ta  cetiri  broja.  Cim  sazna 
zbroj,  izvodac  moze  reci  o koja  se  cetiri  broja  radi.  Naime,  ti  brojevi  su  clanovi 
aritmetickog  niza  s razlikom  7,  dakle  je  njihov  zbroj  42  uvecan  za  cetverostruki 
prvi  broj,  te  izvodac  od  zbroja  samo  treba  oduzeti  42  i podijeliti  s 4.  Gdje  je  ovdje 
eksperiment?  Kao  prvo,  za  uocavanje  spomenutog  svojstva  djeca  mogu  isprobati 
razlicite  listove  kalendara  i stupce  i tako  uociti  pravilo  o zbrajanju  clanova  arit- 
metickog niza.  No,  postoje  i mnoga  druga  srodna  pitanja  na  koja  se  odgovor  moze 
potraziti  istrazivanjem:  Sto  ako  se  uzmu  po  tri  ili  pet  brojeva  u stupcu?  Sto  s 
redovima?  Eunkcionira  li  trik  s drugim  pravokutnim  tablicama  brojeva?  Mozete  li 
konstruirati  neke  takve  tablice,  a da  nisu  sa  (svim)  brojevima  od  1 do  31?  Mozete  li 
formulirati  opce  pravilo?  Da  bi  odgovorila  na  takva  pitanja,  djeca  moraju  isprobati 
razne  mogucnosti:  trebaju  eksperimentirati. 
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Eksperiment  3:  Otkrivanje  zbrajanja  koristenjem  magicnih  kvadrata 

Magicni  kvadrati  [5],  [6]  su  fascinirajuci  matematicki  objekti  i ocigledno  je  da 
ih  se  moze  iskoristiti  za  uvjezbavanje  zbrajanja.  No,  mogu  se  koristiti  i u samim 
pocecima  ucenja  zbrajanja  prirodnih  brojeva:  ako  brojke  reprezentiramo  primjerice 
tockicama  kao  na  dominama,  svojstvo  “magicnosti”  moci  ce  otkriti  cak  i mala  djeca 
koja  jos  ne  znaju  zbrajati,  jednostavno  prebrajajuci  tockice.  Eksperimentalni  dio 
moze  se  primjerice  sastojati  u konstrukciji  razlicitih  magicnih  kvadrata.  Pritom  je 
(pogotovu  s manjom  djecom)  najbolje  raditi  s 3 x 3 kvadratima,  ali  dozvoliti  ne 
samo  klasicnu  varijantu  popunjavanja  brojevima  od  1 do  9,  nego  dopustajuci  djeci 
da  isprobaju  i druge  brojeve  te  da  mijenjaju  uvjete  magicnosti  (npr.  tako  da  izostave 
uvjet  da  dijagonale  moraju  imati  isti  zbroj  kao  i retci  i stupci).  Kako  konstruiraju  - 
u najgorem  slucaju  prebrajanjem  tockica  - djeca  ce,  sa  ili  bez  pomoci  nastavnika, 
primijetit  da  primjerice  redak/stupac  kvadratica  u kojima  su  redom  8,  1 i 6 tockica 
uvijek  daju  ukupno  15  tockica.  Uz  odgovarajuce  navodenje  pitanjima  otkrit  ce  i 
komutativnost  - zbroj  ne  ovisi  o tome  kojim  redom  prebrajaju  tockice. 

Eksperiment  se  dalje  moze  prosiriti  na  klasicnu  notaciju  s brojevima  um- 
jesto  tockica,  uvjezbavanje  oduzimanja  (nadopunjavanje  nedostajucih  brojeva  u 
magicnom  kvadratu  znajuci  magicni  zbroj),  nalazenje  multiplikativnih  magicnih 
kvadrata  kako  hi  se  uvjezbalo  mnozenje,  te  naravno  na  kvadrate  razlicitih  velicina, 
drugacije  tablice,  pa  cak  i na  tri  dimenzije  (“magicne  kocke”).  Napomenimo  i 
da  konstrukcija  magicnih  kvadrata  s razlomcima,  decimalnim  brojevima,  opcim 
realnim  (cak  i kompleksnim)  brojevima  moze  pomoci  u uvjezbavanju  aritmetike 
s navedenim  vrstama  brojeva.  U svim  slucajevima  postoji  koristan  dodatni  efekt: 
vrlo  je  vjerojatno  da  ce  djeca  otkriti  i razna  svojstva  magicnih  kvadrata,  primjerice 
da  do  na  rotacije  i zrcaljenja  postoji  samo  jedan  magicni  kvadrat  s brojevima  1 do 
9. 


Eksperiment  4:  Otkrivanje  razlomaka  pomocu  poplocavanja 

Dobro  je  poznato  [7]  da  djeca  (pa  cak  i odrasli)  cesto  imaju  problema  s razu- 
mijevanjem  razlomaka  i izvodenjem  aritmetickih  operacija  s istima.  Postoje  razni 
nacini  (neki  su  navedeni  u [7])  da  se  pomogne  rijesiti  taj  problem,  a vecina  njih 
imaju  interaktivni  aspekt,  npr.  kad  se  kao  zadatak  daje  bojanje  dijelova  (razlomaka) 
neke  slike  u razlicitim  bojama.  Varijanta  na  tu  temu  moze  se  ostvariti  koristenjem 
poplocavanja  pravilnim  mnogokutima  (jednakostranicnim  trokutima,  kvadratima  i 
pravilnim  sesterokutima).  Plocice  je  lako  napraviti  od  kartona.  Glavna  prednost 
ovakve  varijante  u odnosu  na  koristenje  zadane  slike  podijeljene  na  dijelove  koji 
se  koriste  za  uvodenje  u pojam  razlomka  je  da  koristeci  poplocavanja  lako  vari- 
ramo  nazivnik  (broj  plocica)  te  da  poplocavanja  mozemo  koristiti  i za  uvodenje 
aritmetickih  operacija  (posebno  jednostavno:  dijeljenje  razlomka  prirodnim  bro- 
jem).  Eksperimentalna  verzija  se  moze  sastojati  u tome  da  trazimo  od  djece  da 
konstruiraju  primjere  zadanih  razlomaka,  sto  moze  dovesti  i do  otkrica  kracenja 
(2  od  8 plocica  su  podjednako  primjer  razlomka  “jedna  cetvrtina”  kao  sto  je  5 
od  20  plocica) . Takoder,  djeca  mogu  eksperimentirati  s razlicitim  oblicima  i tako 
otkriti  nezavisnost  razlomka  (broja)  od  objekta  na  koji  se  odnosi  (primjerice:  dva 
kvadrata  poplocavanja  s pet  kvadrata  zasluzuju  biti  opisana  istim  imenom  kao 
cetiri  sesterokuta  poplocavanja  s njih  deset  - razlomak  “dvije  petine”).  Mnoge 
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druge  cinjenice  o razlomcima  i njihova  svojstva  se  takoder  mogu  otkriti  eksper- 
imentirajuci  s poplocavanjima,  primjerice  grupiranja  u “egipatske  razlomke”  [8] 
cime  se  uvjezbava  zbrajanje  i oduzimanje  razlomaka.  Drugaciji  eksperimentalni 
pristupi  razlomcima  mogu  se  postici  koristeci  origami  [9],  kuhanje  [7],  glazbu 
[7]  te  ocigledno  mjereci  razlicite  fizikalne  velicine  (vrijeme,  duljinu,  povrsinu, 
volumen,  . . . ). 

Eksperiment  5:  Otkrivanje  povrsina  likova  pomocu  tangrama 

lako  je  tangram  dobro  poznato  didakticko  pomagalo,  nazalost  se  rijetko  koristi 
u nastavi  matematike.  To  je  posebno  steta  jer  se  moze  koristiti  vezano  za  razlicite 
matematicke  teme  i s razlicitim  uzrastima.  Tangram  je  koristan  pri  ucenju  os- 
no  vne  terminology  (trokut,  kvadrat,  paralelogram,  . . . ),  razvoj  koncepata  povrsine 
i opsega,  kuteva,  sukladnosti  i slicnosti,  konveksnosti,  simetrije,  razlomaka  i ira- 
cionalnih  brojeva  (kvadratni  korijen  iz  2),  cak  i analiticke  geometrije  i kombina- 
torike  [10],  [11]  kao  i za  neke  naprednije  teme  [12].  Dodatne  koristi  su  razvoj 
sposobnosti  logickog  zakljucivanja  i otkrivanje  da  (matematicki)  problem!  mogu 
imati  vise  tocnih  rjesenja  (ill  pak  uopce  nemati  rjesenje).  Izvora  za  ideje  ima 
mnogo  [13],  [14],  pa  cemo  dati  samo  jednu  ideju  za  eksperiment  s tangramom. 
Pretpostavimo  da  svako  dijete  ima  svoj  kompletni  tangram  (primjerice  tako  da 
je  svatko  za  domacu  zadacu  trebao  napraviti  jedan  iz  kartona)  i da  zelite  preda- 
vati  o povrsini  koristeci  jedinicni  kvadrat  kao  mjeru.  Najmanji  kvadrat  tangrama 
moze  posluziti  kao  jedinica  povrsine,  a djeca  mogu  istrazivati  (eksperimentirajuci: 
koristeci  dijelove  tangrama  i crtajuci  ih  u biljeznice)  povrsine  pojedinih  dijelova 
tangrama  kao  i razlicitih  trokuta  i cetverokuta  (i  drugih  mnogokuta)  koji  se  mogu 
sloziti  iz  dijelova  tangrama.  Pritom  je  vrlo  vjerojatno  da  nece  sva  djeca  odred- 
iti  povrsine  istih  likova  jer  postoji  mnogo  likova  koji  se  mogu  sloziti  iz  dijelova 
tangrama^,  tako  da  ce  postojati  dosta  prostora  za  komunikaciju  i razmjenu  ideja. 
Istrazivanje  se  moze  dodatno  prosiriti  koristeci  druge  srodne  slagalice,  bilo  vec  poz- 
nate  [15],  [16]  ili  vlastite. 


Diskusija 

Po  misljenju  - zapravo,  cvrstom  uvjerenju  - autora,  moguce  je  razviti  planove 
nastavnih  sati  matematike  (na  temelju  bilo  kojeg  standardnog  kurikuluma) , posebno 
za  osnovnu  skolu,  koji  su  u potpunosti  temeljeni  na  ucenju  otkrivanjem. 

Prethodni  su  primjeri  bili  zamisljeni  kao  izvor  inspiracije.  Posebice,  nji- 
hova je  svrha  bila  da  posluze  kao  “dokaz”  da  nije  tesko  osmisliti  eksperimentalne 
i istrazivacke  koncepte  za  koristenje  u nastavi  matematike.  Opcenito,  ideje  za 
eksperimente  lako  je  naci  i doraditi  za  geometriju,  a uz  malo  kreativnosti  nije  puno 
teze  oblikovati  planove  nastavnih  sati  na  temelju  eksperimenta  i istrazivanja  za 
sve,  ili  bar  skoro  sve,  teme  koje  uobicajeni  matematicki  kurikulumi  predvidaju  za 
osnovnu  (i  srednju)  skolu.  Takoder,  ne  smije  se  zaboraviti  i ocigledna  mogucnost 

^ Koristeci  svih  sedam  dijelova  tangrama  moze  se  sloziti  trinaest  konveksnih  poligona:  jedan 
trokut,  sest  cetverokuta  i po  tri  peterokuta  i sesterokuta.  To  su  1942.  godine  dokazali  kineski 
matematicari  Fu  Tsiang  Wang  i Chuan-Chih  Hsiung. 
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matematickog  eksperimenta  koristenjem  kompjuterskih  programa  (proracunske 
tablice,  programi  za  dinamicku  geometriju,  itd.),  iako  je  njihova  mana  u odnosu  na 
klasicnije  interaktivne  metode  da  se  mora  pretpostaviti  (vjerovati)  racunalu  (npr. 
da  racunalo  “zna”  sto  je  kvadratna  funkcija  i da  pravilno  prikazuje  njen  graf). 

N.  B.  Eksperimentalni  pristup  ne  eliminira  potrebu  za  matematickim  dokazom. 
Iako  postoji  mogucnost  da  ovim  pristupom  djeca  otkriju  matematicka  svojstva  i 
uvjere  su  u njihovu  istinitost,  a da  pritom  ne  vide  potrebu  za  dokazom,  jedan  od 
zadataka  nastavnika  (osim  da  bude  koordinator  eksperimentalnih  aktivnosti  i nad- 
gleda  ih)  je  da  ukaze  na  to  da  ideje  koje  dobijemo  iskustvom  time  jos  nisu  dokazane 
te  da  navede  ucenike  na  zakljucak  da  je  dokaz  potreban.  No,  cak  i za  otkrivanje 
potrebe  matematickog  dokaza  eksperimentalni  pristup  nerijetko  moze  biti  koris- 
tan:  u mnogim  ce  slucajevima  djeca  primijetiti  potrebu  efikasnijeg  pristupa  nego 
jednostavnog  ispitivanja  svih  mogucih  slucajeva,  cak  i ako  ih  je  konacno  mnogo,  a 
kroz  same  rezultate  svojih  istrazivanja  otkriti  i pravilnosti  koje  im  mogu  pomoci  u 
tom  efikasnijem  pristupu  i tako  na  prirodan  nacin  doci  do  osnovnih  ideja  dokaza. 


Moguci  problemi 

Neki  nastavnici  - a vjerojatno  ne  samo  oni  - sad  ce  reci  da  je  ucenje  otkrivanjem 
doduse  zgodna  ideja,  no  skupa  je,  zahtijeva  previse  truda,  i/ili  nekompatibilna  je  s 
trenutnim  kurikulumom  te  da  nemaju  vremena  ili  sredstava  da  ju  primijene  izuzev 
mozda  povremeno.  Dozvolite  da  probam  dati  neke  odgovore  na  te  prigovore. 

Prvi  prigovor  - troskovi  - Iako  je  odbaciti.  Naime,  sva  pomagala  za  interak- 
tivnu  nastavu  matematike  mogu  se  napraviti  ili  nabaviti  za  vrlo  malo  novaca  [17]. 
Za  vecinu  takvih  aktivnosti  dovoljni  su  papir,  karton,  skare,  Ijepilo,  pisaljke,  mali 
predmeti  poput  kamencica,  kocke  i karte  za  igru,  dnevne  novine  i slicno  - a sve  je 
to  Iako  i jeftino  za  nabaviti,  zar  ne? 

Drugo,  iako  je  istina  da  istrazivacka  nastava  matematike  zahtijeva  vecu 
kreativnost  nastavnika  nego,  primjerice,  za  kemiju  u kojoj  je  (ili  hi  bar  trebalo 
biti)  mnogo  ociglednije  kako  koncipirati  i koristiti  eksperiment  u nastavi,  ipak  pos- 
toji dovoljno  dobrih  i prikladnih  postojecih  ideja,  kako  u knjigama  [18],  [19],  [20], 
tako  i na  internetu  [21].  Tako  i pet  eksperimenata  opisanih  u ovom  clanku  nisu 
originalne  ideje  autora,  nego  varijante  na  teme  koje  vec  postoje  u drugim  izvorima. 
Napor  koji  je  potrebno  uloziti  za  nalazenje  ideja  i njihovo  prilagodavanje  upotrebi 
u nastavi  je  bitno  manji  od  konacnog  efekta  (a  u krajnjoj  liniji,  jednom  razvijeni 
planovi  nastavnih  sati  moci  ce  se  puno  puta  iznova  koristiti) . Takoder,  moglo  hi 
se  dogoditi  da  umorni  nastavnik  odjednom  otkrije  koliko  je  matematika  zabavna. 
Da,  cak  i za  nastavnika  matematike.  Nikako  se  ne  smije  podcijeniti  efekt  kojeg 
ima  nastavnik  koji  uziva  u onome  sto  poducava.  Kako  kaze  Jerry  P.  King^  u svojoj 

^ Govoreci  o skolskom  satu  matematike.  King  kaze  (Slobodan  prijevod  F.M.B.):  Treca  grupa  u 
toj  prostoriji  imala  je  samo  jednog  clana:  nastavnika.  Ta  je  osoba  imala  tri  karakteristike  za  koje 
smo  uocili  da  su  vise  ili  manje  zajednicke  srednjoskolskim  nastavnicima  matematike  koji  su  slijedili: 
nije  volio  matematiku,  nije  razumio  matematiku,  nije  smatrao  da  je  matematika  bitna.  ...  I dalje, 
objasnjavajuci  kako  su  ucenici  to  zakljucili,  King  kaze:  Poducavao  je  matematiku  radnim  danom  s 
manje  entuzijazma  nego  sto  ga  je  imao  subotom  za  kosenje  trave  u svom  vrtu. 
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knjizi  The  Art  of  Mathematics  [24]:  jedan  od  vaznih  razloga  zasto  ucenici  ne  vole 
matematiku  je  da  mnogi  nastavnici  matematike  i sami  odaju  dojam  da  ju  ne  vole. 
Ipak,  ovdje  je  potrebno  malo  opreza:  nije  svaki  “zabavni”  matematicki  zadatak 
pogodan  za  koristenje  u nastavi,  a mnoge  dobre  ideje  trebaju  se  pazljivo  prilagoditi 
upotrebi  u nastavi. 

Treci  prigovor  je  malo  osjetljiv,  ali  cest.  Vecina  koji  prigovaraju  konceptu  is- 
trazivacke  nastave  kazu  da  je  doduse  ucenje  otkrivanjem  vrlo  dobra,  no  vremenski 
prezahtjevna  ilustracija  odredene  nastavne  teme  te  oduzima  vrijeme  potrebno  za 
“objasnjavanje  teorije”.  Tu  je  bitno  primijetiti  da  istrazivacka  nastava  nije  dodatak, 
vec  zamjena  za  klasicni  oblik-  ne  radi  se  o promjeni  sadrzaja.  U ovom  je  pris- 
tupu  “teorija”  zakljucak,  jasno  iskazana  tvrdnja  o cinjenicama  koje  su  otkrili  sami 
ucenici.  Mnogi  [25]  (ne  samo  konstruktivisti)  slazu  se  da  dijete  bolje  uci  - u smislii 
razumijevanja,  a ne  samo  memoriranja  cinjenica  i operiranja  razlicitim  formulama 
- ako  je  aktivno  ukljuceno  u proces  ucenja.  To  je  posebice  tocno  za  mladu  djecu, 
uzevsi  u obzir  da  je  poznato  da  otprilike  do  svoje  dvanaeste  godine  djeca  uce  na 
konkretan  nacin.  Dodatna  je  prednost  istrazivacke  nastave  da  omogucuje  lakse 
prilagodavanje  razlicitim  stilovima  ucenja  i sposobnostima.  Ovaj  oblik  nastave 
ocigledno  podrzava  i opci  suvremeni  trend  [26]  u nastavi  matematike  i znanosti, 
a to  je  razvoj  kurikuluma  i nastavnih  sati  koji  razvijaju  sposobnosti  rjesavanja 
problema. 

Umjesto  zakijucka. . . 

. . . pitanje  za  nastavnike: 

Ako  imate  izbor  izmedu  oblika  nastave 

1 ) koji  zahtijeva  malo  truda,  jer  ga  vi  i svi  drug!  odavno  koristite,  i kako  je 
pokazano  da  ima  mana  i ne  inspirira  ni  nastavnika  ni  ucenika  ili  onog 

2)  koji  zahtijeva  vise  truda,  uglavnom  jer  je  nov  i ne  postoji  puno  pripremljenih 
nastavnih  materijala  za  njega,  ali  obecava  bolja  ucenicka  postignuca  kao  i 
vecu  zanimljivost  i za  nastavnika  i za  ucenika, 

koji  oblik  biste  odabrali? 

Clanak  zavrsavamo  kako  smo  ga  i zapoceli  - citatom  znamenitog  madarskog 
matematicara  George-a  P61ya-e  (1887.-1985.)^: 

Matematika  prezentirana  u euklidskom  stilu  cini  se  sustavnom,  deduktivnom 
znanoscu;  no,  matematika  u svom  nastajanju  cini  se  eksperimentalnom,  induk- 
tivnom  znanoscu.  Obje  strane  su  stare  koliko  i matematika  kao  znanost.  No,  u 
jednom  pogledu  druga  je  strana  ipak  nova:  matematika  in  statu  nascendi,  u nas- 
tajanju, nikad  dosad  nije  has  tako  predstavljena  uceniku,  cak  ni  ucitelju,  niti  siroj 
publici.  (George  Polya,  How  to  solve  it?,  1945.). 

^ Mathematics  presented  in  the  Euclidean  way  appears  as  a systematic,  deductive  science;  but 
mathematics  in  the  making  appears  as  an  experimental,  inductive  science.  Both  aspects  are  as  old  as 
the  science  of  mathematics  itself.  But  the  second  aspect  is  new  in  one  respect;  mathematics  "in  statu 
nascendi,"  in  the  process  of  being  invented,  has  never  before  been  presented  in  quite  this  manner  to 
the  student,  or  to  the  teacher  himself,  or  to  the  general  public. 
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3.  meaunarodni  znanstveni  skup 
MATEMATIKA  I DIJETE 


Prirodno  ucenje  matematickih  pojmova 
u djecjem  vrticu 


Biserka  Petrovic-Soco,  Ljubimka  Hajdin  i Tijana  Balic 

Uciteijski  fakultet,  Sveuciliste  J.  J.  Strossmayera  u Osijeku,  Hrvatska 


Sazetak.  Polazeci  od  teorije  socijalnog  konstruktivizma,  vaznosti 
kvalitete  okruzenja  i samomotiviranosti  djece  za  ucenje  cinjenjem  u 
radu  se  prikazuje  simultani  razvoj  razumijevanja  pojmova:  kolicine, 
broja,  tezine  i njihovih  odnosa  kao  matematickih  kategorija  kod  djece 
predskolske  dobi.  Rad  se  utemeljuje  na  primjeni  etnografske  metode 
kojom  su  se  tijekom  dvije  godine  u djecjem  vrticu  “Djecji  svijet” 
u Varazdinu  prikupljali  i interpretirali  podaci  o djecjem  prirodnom, 
prakticnom  ucenju  pocetnih  matematickih  pojmova  u socijalnim  inter- 
akcijama  s drugom  djecom  i odgojiteljem  kroz  eksploraciju  funkcioni- 
ranja  vage  i spontano  nastalih  i rjesavanih  prakticnih  problema  u svezi 
s tim.  Naknadna  zajednicka  refleksija  etnografskih  zapisa  koju  su 
kontinuirano  provodili  odgojitelji  i pedagog,  omogucila  je  da  se  putem 
strucnog  dijaloga  dogovaraju  i primjenjuju  promjene  u materijalnoj 
ponudi  za  eksploraciju  i rjesavanje  problema  kod  djece  kao  i prom- 
jene u socio-pedagoskom  ozracju  odgojnih  skupina.  Pretpostavka 
da  ce  se  u kvalitetnijim  uvjetima  okruzenja  za  ucenje  amplificirati 
postojeca  djecja  iskustva  i stjecati  nova  u cilju  boljeg  razumijevanja 
osnovnih  matematickih  pojmova  i holisticki  djelovati  na  sve  aspekte 
djecjeg  razvoja  se  potvrdila.  Dobiveni  rezultati  pokazuju  neposrednu 
povezanost  kvalitete  okruzenja  (socijalnog  i fizickog)  s kvalitetom 
djecjeg  ucenja  i razumijevanja  navedenih  matematickih  pojmova.  Ma- 
terijalizacija  djecjeg  misljenja  i razumijevanja  matematickih  pojmova 
putem  akcije,  opisana  i interpretirana  u nizu  prakticnih  egzemplara 
djecjeg  ucenja  u ovom  radu,  pokazuje  kako  okruzenje  “hrani”  ucenje. 

Kljucne  rijeci:  ucenje  predskolskog  djeteta,  pocetni  matematicki 
pojmovi,  okruzenje  za  ucenje,  razumijevanje  matematike  u akciji 


Uvod 

Socio-konstruktivisticka  teorij a ucenja  utemeljena  naradovima  Piageta  (1963) , 
Vigotskog  (1977)  i Brunera  (2000)  isticeizgradnju  razumijevanja  svijetanatemelju 
vlastitog  iskustva  i prethodnog  znanja  ljudske  jedinke  u kolaborativnom  pro- 
cesu  s drugima  u ovisnosti  od  kulture  kojoj  pripada.  Tako  Piaget  za  stvaranje 


Prirodno  ucenje  matematickih  pojmova  u djecjem  vrticu 


441 


mentalnih  struktura  u prvi  plan  stavlja  spoznaju  o fizickim  svojstvima  pred- 
meta  kao  uvjetu  razvoja  misljenja;  Vigotski  uz  znacaj  djecjeg  prakticnog  iskustva 
naglasava  vaznost  socijalnog  iskustva  u procesu  ucenja;  a Bruner  govori  o ak- 
cijskom,  ikonickom  i simbolickom  sustavu  kroz  koji  dijete  prolazi  do  najviseg 
stupnja  reprezentacije  stvarnosti.  Verbalno-pojmovnom  i logicko-matematickom 
misljenju,  dakle,  prethodi  opazajno-prakticko  i opazajno-predodzbeno  misljenje. 
I upravo  se  na  ovim  teorijskim  spoznajama  treba  temeljiti  osnove  metodickog 
pristupa  ucenju  osnovnih  matematickih  pojmova  djece  predskolske  dobi.  Djeca 
predskolske  dobi  matematicke  pojmove  razvijaju  postupno,  a tu  postupnost  je 
Liebeck  (1995,11)  prikazala  kao: 

“I  - iskustvo  s fizickim  predmetima 

G - govorni  koji  opisuje  to  iskustvo; 

S - slike  koje  prikazuju  to  iskustvo  i 

Z - pismeni  znakovi  koji  generaliziraju  to  iskustvo.” 

Iz  gore  navedenih  razloga  mnogi  autori  ucenje  matematike  u ranoj  dobi  nazi- 
vaju  iskustvenom  matematikom,  situacijskim  ucenjem  ili  matematikom  u kontekstu 
(Seefeldt,  Barbour,  1994).  U takvim  uvjetima  ucenje  matematike  se  ne  odvaja  od 
konteksta  u kojem  dijete  stjece  iskustvo,  jer  je  ucenje  sastavni  dio  okoline  pa  se 
situacije  ucenja  mogu  nazvati  “suprodukcijom  znanja  kroz  aktivnost”  (Mortimore 
1999,  11). 

Kvaliteta  okruzenja  za  ucenje  ima,  dakle,  presudan  utjecaj  na  proces  i ucinke 
ucenja.  Pritom  se  pod  okruzenjem  podrazumijeva  fizicko  okruzenje  u kojem  se  so- 
cijalna  akcija  ucenja  pojavljuje,  participirajuci  u odnosima  u kojima  se  te  aktivnosti 
dogadaju.Buduci  da  je  ono  sto  se  uci  jako  povezano  sa  situacijom  u kojoj  se  uci, 
potrebno  je  da  odgajatelj  dobro  dekodira  aktualne  djecje  interese  za  ucenje  kako 
bi  na  njima  gradio  poticajno,  stimulativno  okruzenje,  kreirao  motivirajuci  kon- 
tekst  ucenja  i osigurao  veliki  broj  raznovrsnih  resursa.  Oni  bi  djeci  trebali  pomoci 
da  sami,  pomocu  brojnih  prakticno-manipulativnih  i simbolickih  aktivnosti  otkri- 
vaju  matematiku.  Pored  predmeta  svakodnevne  upotrebe,  didakticki  strukturiranih 
materijala  i tzv.  prirodnih,  ambalaznih  i odlozenih  materijala  znacajnu  ulogu  u 
aranziranju  poticajnog  okruzenja  za  ucenje  imaju  i razliciti  slikovno-graficki  ma- 
terijali  u kojima  su  kvantitativni,  velicinski  i tezinski  odnosi  predoceni  simbolima. 

Jedna  od  temeljnih  teorijskih  postavka  o nastanku  spoznaje  je  da  se  sve  vise 
psihicke  funkcije  razvijaju  najprije  kao  socijalne  pojave  izmedu  individua  ( iner- 
mentalno),  a onda,  u daljem  razvoju,  interiorizacijom  prelaze  na  unutrasnji  plan 
i postaju  individualni  procesi  ( intramentalni) . Suvremeno  stajaliste  o ucenju 
predskolskog  djeteta,  uz  poticajno  fizicko  okruzenje,  za  izgradivanje  znanja  sve 
vise  istice  vaznost  suradnickog  ucenja  koje  djeci  u socijalnoj  interakciji  omogucuje 
rasprave,  suradnju,  konfrontiranje,  dogovaranje  i sL,  narocito  ako  se  radi  o 
uocavanju  i rjesavanju  problemskih  situacija.  Preduvjet  ucenja  je  razumijevanje, 
kako  problemske  situacije  koja  je  preduvjet  za  samo  ucenje,  tako  i razumijevanje 
djece  medusobno,  ali  i djece  i odgajatelja.  Razumijevanju  uvelike  pridonosi  rad  s 
pedagoskom  dokumentacijom  i rad  na  njoj  (Taguchi,  2010). 

Predskolsko  dijete  okruzeno  poticajnim  materijalima  i vrsnjacima,  razvojno 
je  sposobno  za  prakticiranje  grupnog  iskustva  u matematickim  aktivnostima  koje 
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traze  visu  razinu  misaonih  sposobnosti  ukljucujuci  analizu  (rastavljanje  materijala 
na  njegove  dijelove  da  shvati  strukturu,  uoci  slicnosti  i razlike,  kolicinu,  velicinu), 
sintezu  (sastavljajuci  elemente  formira  novu  cjelinu,  rearanzira  i reorganizira  ju)  i 
evaluaciju  (procjenjuje  vrijednost  materijala  po  defmiranim  kriterijima). 

Predskolska  djeca  zele  i trebaju  izrazavati  ideje  i poruke  putem  mnogih  ra- 
zlicitih  nacina  ekspresije,  pa  take  koristiti  i simbolicke  medije.  To  im  pomaze 
upotpuniti  mentalne  slike-predodzbe,  reprezentirati  ideje  drugima  i komunieirati 
sa  svijetom  kombinirajuci  razne  nacine  izrazavanja.  Na  taj  nacin  razvijaju  svoju 
kompeteneiju  u svim  aspektima  razvoja.  Razmjenom  svojih  ideja  s idejama  i 
zamislima  drugih,  dijete  se  postupno  osposobljava  za  razumijevanje  perspektiva 
druge  djeee  te  pod  utjecajem  toga  provjerava  i dograduje  svoj  rad  i prosiruje  svoju 
svjesnost  o aktualnim  matematickim  temama  iz  okruzenja. 

Odgojno  obrazovni  proces  u predskolskoj  ustanovi  zasnovan  na  “intra-aktivnom 
pristupu”  (Taguehi,2010)  i “pedagogiji  slusanja”  (Rinaldi  i dr., 2002)  proizlazi 
iz  aktivnog  djelovanja  prvenstveno  djeee,  ali  i odraslih,  na  razumijevanju  svi- 
jeta  pomocu  izravnih  aktivnosti  djeee  - cinjenja  i pracenja  tih  aktivnosti  putem 
pedagoske  dokumentaeije  koja  sluzi  za  zajednicku  refleksiju  i za  medusobno  razu- 
mijevanje svih  sudionika  odgojno  - obrazovnog  procesa. 

Uloga  odgojitelja  u takvom  shvacanju  djeejeg  ucenja  ne  moze  bid  poucava- 
teljska  jer  i on  sam  uci  o djeejem  nacinu  unutrasnje  konstrukeije  vanjskog  svijeta 
te  i sam  rekonstruira  svoju  sliku  djeteta  i njegovih  razvojnih  moguenosti.  On 
djeei  ne  daje  svoje,  odrasle  zamisli,  ne  vodi  dijete  k tocnim,  gotovim  i sablon- 
skim  rjesenjima,  niti  ih  uvjerava  u njihova  pogresna  shvacanja.  Suprotno,  potice 
djeeu  da  originalna  rjesenja  pronalaze  sama  u diskursu  s drugom  djeeom  koristeci 
raspoloziva  oruda  u okruzenju,  kao  sto  ce  se  vidjeti  na  primjeru  istrazivanja  u tekstu 
koji  slijedi. 


Cilj,  metodologija  i tijek  istrazivanja 

Cilj  ovog  interpretativnog,  kvalitativnog  istrazivanja  je  razumijevanje  stvaranja 
matematickog  znacenja  kojega  djeea  konstruiraju  u njihovim  svakodnevnim  pra- 
kticnim  akeijama,  smjestenim  u soeio-kulturni  i fizicki  kontekst  vrtica. 

Rad  se  utemeljuje  na  primjeni  etnografske  metode  kojom  su  se  u razdoblju  od 
2007.-2010.  godine  u djeejem  vrticu  “Djecji  svijet”  u Varazdinu  prikupljali  i inter- 
pretirali  podaei  o djeejem  prirodnom,  prakticnom  ucenju  pocetnih  matematickih 
pojmova  u soeijalnim  interakeijama  s drugom  djeeom  i odgojiteljem  kroz  eksplo- 
raeiju  funkeioniranja  vage  i spontano  nastalih  i rjesavanih  prakticnih  problema  u 
svezi  s tim.  Etnografska  metoda  cinila  se  najprimjerenijim  metodologijskim  pris- 
tupom  s obzirom  na  specificnost  odgojno  obrazovne  prakse  i eiljeve  istrazivanja 
djeee  rane  dobi  “ cija  se  ponasanja,  aktivnosti  i interakeije  tesko  mogu  razumjeti  i 
interpretirati  primjenom  drugih  istrazivackih  pristupa  bez  bogatih  opisa  konteksta 
i situaeija  u kojima  se  pojavljuju,  a koji  im  daju  svrhu  i znacenje.”  (Petrovic- 
Soco,2009,15). 
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Etnografski  zapisi  djecjih  aktivnosti  (foto  materijal  uz  simultano  vodenje  aneg- 
dotskh  biljezaka  pedagoga  i odgojitelja)  bili  su  polaziste  za  zajednicku  refleksiju 
koju  su  kontinuirano  provodili  odgojitelji  i pedagog,  sto  je  omogucilo  da  se  putem 
strucnoga  dijaloga  dogovaraju,  primjenjuju  i valoriziraju  promjene  u materijalnoj 
ponudi  za  eksploraciju  i rjesavanje  problema  kod  djece  kao  i promjene  u socio- 
pedagoskom  ozracju  odgojne  skupine  i postupcima  odgojitelja.  Iz  tako  nastalog 
obimnog  istrazivackog  materijala  za  potrebe  ovoga  rada  izdvojene  su  i analizirane 
samoinicirane  matematicke  aktivnosti  djece  u centru  vaganja  nastale  etnografskim 
zapisima  u prirodnom,  svakodnevnom  okruzenju  djece  u vrticu. 

Opremanje  centra  aktivnosti  za  vaganje  zapoceto  je  (11.2.2008.)  na  inicijativu 
odgojiteljice  koja  je  u tom  podrucju  uocila  zainteresiranost  djece  mjesovite  dobne 
skupine  od  3 do  7 godina.  Centar  aktivnosti  opremljen  je  s cetiri  improvizirane 
vage  koje  su  se  medusobno  razlikovale  po  temeljnom  nacinu  vaganja:  jednokraka 
vaga  - vaga  koja  omogucuje  iskustvo  nejednakog  kraka,  vaga  za  uspostavljanje 
ravnoteze  s jeziccem  na  sredini  i vaga  za  uspostavljanje  ravnoteze  krakova  bez 
oznake  sredine. 

S obzirom  da  je  u ovoj  prvoj  etapi  uz  vage  u centru  bila  ponudena  relativno 
mala  kolicina  materijala  za  vaganje,  analiza  etnografskih  zapisa  pokazuje  da  su 
djeca  u dobi  od  6 do  7 godina  istrazivala  puko  funkcioniranje  same  vage  kao 
sredstva  za  mjerenje  tezine  (istrazivala  su  sto  mogu  ciniti  s vagama,  promatrala  i 
proucavala  kako  se  one  pokrecu,  ujednacuju,  vrsi  otklon  u jednu  ili  dmgu  stranu  i 
sL).  Zajednickim  zapazanjima  i raspravama  odgojitelja  i pedagoga  kroz  refleksiju 
ovih  djecjih  aktivnosti  zakljuceno  je  da  u centru  vaganja  djeca  nemaju  dovoljno 
materijala  koji  bi  stavljala  u meduodnose  s vagom  te  da  ga  je  potrebno  dopuniti  ma- 
terijalima  koji  su  raznovrsni  po  velicini  i tezini  (npr.  kore  drva  i drveni  materijali, 
ploce  od  gipsa  otezane  umetnutim  metalima  i dr.)  . Odgojiteljica  je  pretpostavila 
da  ce  djecji  interes  potaknuti  novi  materijali  vecih  i manjih  dimenzija,  medusobno 
razlicitih  po  tezini,  koji  ce  ih  “zavesti”  vizualnim  obiljezjima  velicine  (Liebeck, 
1995,  62). 

Etnografskim  zapisima  u daljnjoj  etapi  istrazivanja  smo  dokumentirali  kako 
je  djecu  u dobi  od  6 do  7 godina  i nadalje  najvise  zanimalo  uravnotezavanje  vage. 
Igrajuci  se,  djeca  su  vaganjem  otkrivala  i potvrdivala  iskustvo  kako  oba  kraka  vage 
mogu  biti  u ravnotezi  ukoliko  se  dodaju  ili  oduzimaju  predmeti  na  pojedinoj  strani 
vage.  Analizirajuci  ove  aktivnosti  djece,  tijekom  zajednicke  rasprave  smo  se  slozili 
da  djeca  jos  uvijek  ne  mogu  pronaci  slozenije  akcije  u ovoj  aktivnosti  jer  nemaju 
dovoljno  razlicitih  materijala  u centru  koji  bi  im  omogucili  prosirivanje  iskustva 
o razlikama  u tezini  neovisno  od  velicine,  oblika  ili  kolicine  predmeta.  Zato  smo 
centar  vaganja  dodatno  dopunili  razlicitim  no  vim  materijalima  (drvenim  oblicima 
razlicite  tezine,  kamencicima,  gipsanim  plocicama,  jabukama,  kestenima,  orasima, 
bocicama  napunjenim  razlicitim  materijalima,  vatom,  spuzvom,  kukuruzom  i sL). 
Naknadno  smo  reflektirali  ucinke  raznovrsnosti  materijala  na  djecje  aktivnosti  i 
konstatirali  da  su  zahvaljujuci  bogatijoj  ponudi  djeca  od  6 do7  godina  starosti  sada 
bila  dulje  angazirana  oko  uravnotezavanja  vage  i da  su  mlada  djeca  profitirala 
istrazivanjem  svojstava  pojedinacnih  materijala  i njihovim  stavljanjem  u meduod- 
nos  s drugim  materijalima  (punila  su  i praznila  posudice,  izdvajala  i klasificirala 
materijale  i dr.) 
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Putem  rasprave  se  konstatiralo  da  unatoc  namjere  odgojitelja  i pedagoga  da 
se  stariju  djecu  potakne  na  slozenije  aktivnosti  vagom  uz  pomoc  novih  materijala, 
ona  su  i dalje  ostala  na  prijasnjoj  razini,  konkretnije,  na  istrazivanju  i rjesavanju 
problema  kako  dovesti  vagu  u ravnotezu!  Drugo  ih  nije  zanimalo,  a pogotovo 
ne  namjere  i ocekivanja  odraslih!  Djeca  i dalje  nisu  obracala  paznju  na  kolicinu, 
ni  velicinu  materijala,  nego  same  na  ravnotezu,  na  pitanje  i provjeravanje:  koji 
raspored  materijala  ce  odrzati  vagu  u ravnotezi?  Ovom  razinom  djeejih  aktivnosti 
odgojiteljica  nije  bila  zadovoljna,  pa  je  odustala  od  svog  angaziranja  u centru 
vaganja  i u zelji  da  djeeu  usmjeri  na  slozenije  djelovanje  ponudila  im  je  igru  u 
pjescaniku  na  nacin  da  su  djeca  razlicitim  auticima  prevozila  posudice  iz  centra 
vaganja  napunjene  materijalima  razlicite  tezine.  Odgojiteljica  je,  naime,  imala 
hipotezu  da  ce  djeca  uociti  razlicitu  dubinu  tragova  u pijesku  koju  razlicito  teski 
materijali  ostavljaju  u prevozenju!  Medutim,  djeca  su  u tako  opremljenoj  aktivnosti 
bila  zainteresirana  za  brzinu  kojom  su  se  ona  sama  kretala  “vozeci”  automobile- 
igracke  po  pijesku,  a nakon  toga  su  zapocela  gradnju  cesta  i mostova  pa  im  tezina 
na  nacin,  kako  ju  je  odgojiteljica  zamislila,  uopce  nije  bila  aktualna.  To  samo 
govori  u prilog  sintetickom,  holistickom  modelu  djeejeg  (samo)ucenja  i njihovoj 
otpornosti  na  potrebu  odraslog  da  ih  poucava,  jer  “svaki  pojedinac  mora  aktivno 
izgraditi  svoje  znanje”  (Krsnik,2001,14)  i to  onda  kad  je  spreman  sam  stvoriti  nove 
mentalne  konstrukeije,  a ne  transferiranjem  znanja  od  odraslog.  U prilog  tome 
Liebeck(  1995)  takoder  govori  o vaznosti  aktivnog  ukljucivanja  djeteta  u svakod- 
nevne  zivotne  situaeije  jer  na  taj  nacin  djeca  istovremeno  misle  na  vise  stvari,  i tako 
ohrabreni  na  razmisljanje  stvaraju  matematicke  koncepte. 

Daljnja  etapa  istrazivanja  nastavljena  je  uocavanjem,  fotodokumentiranjem  i 
biljezenjem  djeeje  spontane  aktivnosti  u trenutku  kada  su  vage  i materijali  iz  centra 
aktivnosti  vaganja  bili  odlozeni  na  stol  radi  sredivanja,  ciscenja  i premjestanja  cen- 
tra vaganja  na  drugo  mjesto  u vrticu.  Tada  je  zabiljezena  aktivnost  jednog  djecaka 
(u  dobi  od  6 godina)  koji  se  igrao  vaganjem  na  vazi  za  uspostavljanje  ravnoteze 
s jeziccem  na  sredini  te  na  dmgoj  vazi  koja  omogucuje  iskustvo  vaganja  na  vazi 
nejednakih  krakova.  Na  tim  vagama  djecak  je  rasporedivao  razlicita  geometrijska 
tijela:  valjke,  kocke,  kugle  jednake  velicine,  ali  razlicite  tezine.  Promatranjem  ovih 
zapisa  te  raspravom  o njima  uoceno  je  kako  je  djecak  bio  zaokupljen  neravnotezom 
vage  nastalom  raspodjelom  elemenata  istog  oblika,  ali  nejednake  tezine.  Bilo  je  to 
sasvim  novo  iskustvo,  kako  njemu  samome  tako  i nama  kao  promatracima  njegova 
prakticno-iskustvenog  ucenja.  Djecaka  vise  nije  interesiralo  uravnotezavanje  vage, 
vec  obrnuto  - neravnoteza,  to  jest  pitanje:  sto  se  dogada  kad  vaga  nije  u ravnotezi 
i o cemu  ovisi  dubina  otklona  od  sredista  vage? 

I ne  samo  da  nam  je  promatranje  etnografskog  zapisa  djecakove  aktivnosti 
pomoglo  da  uocimo  kako  razmislja  i uci  u prakticnoj  akeiji-  postavljajuci  sebi 
novi  problem  - nego  nam  se  to  i potvrdilo  i u nastavku  aktivnosti  kada  je  prov- 
jeru  istog  problema  izvrsio  na  drugaeijoj  vazi  (vazi  jednoga  kraka  koja  omogucuje 
vaganje  rasporedivanjem  predmeta  po  duzini  kraka  razlicito  udaljenih  od  centra 
vage).  Djecak  je  “proizveo”  problem,  stavljajuci  na  vagu  materijale  na  onu  stranu 
koja  je  vec  bila  nagnuta,  koja  je,  dakle,  u neravnotezi.  Sad  je  bilo  evidentno  da  je 
dijete  poslo  od  nove  hipoteze  trazeci  odgovor  na  pitanje  sto  uzrokuje  neravnotezu, 
kako  se  ona  manifestira  i o cemu  ovisi. 
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U zajednickoj  refleksiji  na  temelju  ovog  zapisa  konstatirali  smo  da  bi  djecak 
vjerojatno  ranije  dosao  na  ideju  istrazivanja  opisanog  fenomena  da  smo  mu 
otpocetka  stvorili  uvjete  u centru  vaganja  koji  bi  bili  u skladu  s njegovim  potrebama 
ucenja.  Podsjecamo  da  je  u pocetku  odgojiteljica  opremila  centar  vaganja  s neko- 
liko  razlicitih  vaga,  ali  ne  i s dovoljno  raznovrsnog  materijala  za  vaganje  pa  dijete 
nije  imalo  mogucnosti  djelovati  u tom  kuticu  na  slozenijoj  razini  aktivnosti.  Tek  u 
ovoj  etapi  su  odgojiteljice,  promatrajuci  djecaka  kojeg  je  interesirala  neravnoteza,  u 
zajednickoj  refleksiji  s pedagoginjom  osvijestile  zasto  je  djeci  potrebno  omoguciti 
ucenje  na  problemskim  situacijama,  a ne  na  tradicionalnom  nudenju  “polugotovih“ 
rjesenja  odraslog.  Od  tog  trenutka  je  i pracenje  djecjih  aktivnosti  za  odgojiteljice 
dobilo  novi,  dublji  smisao.  Shvatile  su  da  materijalno  okruzenje  u kojem  se  odvija 
ucenje  uistinu  police  ili  ogranicava  razinu  slozenosti  djecjih  aktivnosti  putem  kojih 
uce  ili  kao  sto  pise  Krsnik  (2001),  tradicionalni  pristup  ucenju  i poucavanju  sad 
su  zamijenile  stavljanjem  djeteta  u prvi  plan  na  nacin  da  u odgojno  - obrazovnom 
procesu  ono  postaje  aktivno. 

Iz  dosad  prezentiranog  moguce  je  zakljuciti  kako  djeci  treba  omoguciti  da  se 
aktivnoscu,  koju  su  oni  izabrali,  have  na  nacin  koji  im  omogucuje  stvaranje  prob- 
lemskih  situacija,  a ne  “brzi”  dolazak  do  rjesenja  te  da  im  se  pritom  omoguci  onoliko 
vremena  koliko  im  je  potrebno,  bez  izravnog  interveniranja  odgojitelja  u nacine 
rjesavanja  problema.  Nije  potrebno  nuditi  rjesenje,  nego  suprotno,  omoguciti 
im  materijale  koji  poticu  nastanak  razlicitih  problemskih  situacija  te  na  osnovi 
promatranja  djecjih  aktivnosti  zakljucivati  koja  im  je  problemska  situacija  zan- 
imljiva  i koju  su  razinu  razumijevanja  problema  o odredenoj  problematici  postigli. 
Nakon  ovoga  iskustva  centar  vaganja  opremili  smo  novim  raznovrsnim  materijal- 
ima,  vagama  koje  mogu  lako  pokazati  neravnotezu  i ravnotezu,  te  prepustili  djeci 
dapotpuno  samostalno  organiziraju  aktivnost. 

Sljedeci  etnografski  zapis  nastao  je  u centru  vaganja  nakon  sto  je  odgojiteljica 
“ociscene  materijale  odlozila”  u prostor  centra  vaganja  (istog  dana  kada  je  djecak 
spontano  zapoceo  igru  neravnoteze  (6.2.2009.),  kad  je  dmgi  djecak  (u  dobi  od 
6,5  godina)  zapoceo  aktivnost  “uravnotezavanja”  vage.  Pridruzio  mu  se  djecak 
iste  dobi  te  su  zajednicki,  vrlo  brzo  zapazili  problemsku  situaciju  u kojoj  ista 
kolicina  materijala  (jedan  valjak  s jedne  strane  vage  i drug!  s druge  strane  vage) 
nije  u ravnotezi,  a nejednaka  kolicina  materijala  (2  valjka  s jedne  strane  vage  i 3 
valjka  s dmge  strane  vage)  jest  u ravnotezi  (didakticka  igracka:  memory  tezine) . 
Djecaci  su  dosad  poistovjecivali  kolicinu  i tezinu  i ovo  im  je  bila  nova  problemska 
situacija  koju  je  omogucio  novi  materijal.  Etnografskim  zapisom  je  zabiljezena 
aktivnost  iz  koje  je  vidljivo  da  djecaci  uocavaju  razlike  u kolicini  drvenih  valjcica. 
Medutim,  premjestajuci  ih  s jedne  strane  vage  na  drugu,  mijenjajuci  broj  valjcica 
na  pojedinoj  strani,  djecaci  uocavaju  da  jednaka  kolicina  valjcica  na  obje  strane 
vage  ne  uspostavlja  ravnotezu.  Isto  tako  uvidaju  da  je  jedan  valjcic  tezi  od  dva. 
Zbunjeni  su,  ne  razumiju  ovu  neocekivanu  situaciju,  ali  ne  odustaju  od  daljnjeg 
istrazivanja.  Dapace,  njihova  aktivnost  trajala  je  neprekidno  sat  i cetrdesetpet  min- 
uta,  sto  pokazuje  velik  interes  i potrebu  da  istraze,  otkriju  i spoznaju  odnos  tezine  i 
kolicine.  Tijekom  aktivnosti  djecaci  su  u jednom  trenutku,  slucajnim  razmjestajem 
elemenata,  proizveli  situaciju  u kojoj  je  6 valjcica  bilo  teze  od  4,  sto  je  jednog 
djecaka  jako  razveselilo  - jer  napokon  je  “tocno  da  je  vise  (veca  kolicina  istog)  i 
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teze”!  To  nas  je  podsjetilo  na  Piagetovu  tzv.  situacijsku  inteligenciju  prema  kojoj 
je  dijete  u ovom  periodu  pod  snaznim  utjecajem  vizualnog  dozivljaja  stvarnosti, 
kad  je  njegova  misao  “zarobljena”  perceptivnim  mehanizmima  (Donaldson,  1982) 
pa  se  djecak  nije  mogao  izdici  iz  realnog  dozivljaja. 

Medutim,  djecak  time  nije  zavrsio  aktivnost,  nije  zaboravio  ono  sto  je  prethodno 
zapazio  - da  su  kolicine  elemenata  na  vazi  bile  u nejednakim  odnosima  tezine.  Sum- 
nja  i znatizelja,  potreba  da  se  slucajni  “rezultat”  potvrdi  ili  opovrgne  bill  su  veci  od 
postignutog  “uspjeha”  pa  su  djecaci  nastavili  aktivnost.  Htjeli  su  istraziti,  otkriti  i 
shvatiti  o cemu  ovisi  ravnoteza  vage,  ako  ne  o jednakoj  kolicini  predmeta  na  obje 
strane?  Sad  su  utvrdili  spoznaju,  kao  sto  navodi  Liebeck,  (1995,13)  “isti  su,  ali 
razliciti.”  .Znaju  da  broj  predmeta  ne  odreduje  ravnotezu  vage.  Ali  sto  ju  odreduje? 
Svjesni  su  da  su  otkrili  problem,  problem  koji  je  njihov  - ne  problem  koji  im  je 
netko  (odgojitelj)  nametnuo  ili  podmetnuo  - kao  slucajno  je  tu!  Djeca  zele  bid 
aktivna  u stvaranju  problema  - jer  kad  ga  uoce  - onda  imaju  potrebu  i istraziti  ga, 
postavljati  hipoteze,  propitkivati,  varirati  uvjete  istrazivanja  i tragati  za  rjesenjima. 
Problem  koji  nisu  sami  konstruirali  - nije  problem  za  njih  jer,  ili  mu  nije  vrijeme, 
ili  mjesto!  Znaci,  ili  nije  za  njihov  stupanj  aktualnog  razvoja  (Vigotski,1977),  ili 
pak  nije  nastao  u prirodnoj  situaciji  - nego  je  izmisljen,  a izmisljene  probleme  ne 
treba  rjesavati  jer  ne  zadovoljavaju  prirodnu  potrebu  za  rjesavanjem.  U svezi  s 
tim  Liebeck  (1995,8)  takoder  navodi  kada  “djeca  uce  matematiku,  trebaju  se  igrati 
stvarnim  predmetima  i proucavati  probleme  koji  ih  zanimaju”. 

U sljedecoj  etapi  istrazivanja  uz  pomoc  etnografskog  zapisa  analizirali  smo 
situaciju  u kojoj  djeca  rasporedivanjem  jabuka  na  klasicnoj  vazi  nisu  otkrila  u 
cemu  je  tajna  uravnotezavanja  pa  su  uzela  drugu  vagu  za  nastavak  svog  istrazivanja. 
Vaganje  jabuka  na  vazi  jednakih  krakova  zamijenili  su  vaganjem  geometrijskih  ti- 
jela  (kocke,  valjci,  kugle)  na  vazi  jednoga  kraka.  Odmah  su  ih  rasporedili  tako 
da  potvrde  svoje  novo  znanje  kako  kolicina  predmeta  nije  povezana  s njihovom 
tezinom.  Na  jednu  stranu  vage  su  stavili  tri  predmeta  koja  su  bila  teza  od  cetiri 
predmeta  s druge  strane  vage.  Zatim  mijenjaju  vagu,  uzimaju  onu  jednakih  krakova 
na  kojoj  vazu  otpocetka,  ali  sada  sa  sasvim  novim  materijalima  - sitnim  komadicima 
gline.  Zbog  vrlo  razlicitih  oblika  ti  su  djelici  gline  bili  nejednake  tezine  i toliko 
sitni  da  ih  djecaci  na  vagu  nisu  stavljali  jedan  po  jedan,  nego  su  ih  grabili  rukama, 
ne  brojeci  ih,  kako  bi  izjednacili  tezinu  i uspostavili  ravnotezu  vage.  U jednom 
trenutku  djecak  je  zakljucio:  “Vidis,  jednako  je  kada  ne  brojimo,  jer  tesko  se  ne 
broji!”,  zeleci  pritom  iskazati  svoju  novu  spoznaju  da  izjednacavanje  tezine  ne  ovisi 
o kolicini.  Ova  sekvenca  djecje  socijalne  interakcije  mozda  najbolje  pokazuje  kako 
im  je  za  misljenje  potrebno  senzorno  uporiste. 

Djecaci  su  ponovo  uzeli  vagu  jednog  kraka  i na  njoj  odmah,  bez  pogreske, 
razmjestili  razlicita  geometrijska  tijela  na  medusobnu  udaljenost  od  centra  tako 
da  je  vaga  odmah  bila  u ravnotezi.  Nastavkom  aktivnosti,  nacinom  na  koji  su 
rasporedili  predmete  na  vazi,  putem  prakticnih  akcija  su  pokazali  da  razumiju 
princip  vaganja  i uravnotezavanja  vage  putem  ravnomjernog  rasporedivanja  tezine 
neovisno  o kolicini. 

Nase  razumijevanje  djecjih  aktivnosti  u centru  vaganja  nastavilo  se  radom  na 
dokumentaciji  na  nacin  da  smo  djeci  prikazali  etnografske  zapise  na  racunalu  kako 


Prirodno  ucenje  matematickih  pojmova  u djecjem  vrticu 


447 


bi  nam  ih  ona  objasnila  i komentirala.  Nakon  uzastopnog  ponavljanja  zajednickog 
gledanja  etnografskih  zapisa,  (sto  djeca  vole  raditi),  bez  procjenjivanja  i uplitanja 
odgojiteljica,  postigla  se  meta-razina  djecjeg  spoznavanja,  ill  kako  Bruner  navodi 
meta  - zona.  Tako  je  djecak,  koji  je  i ranije  u samoaktivnosti  proizveo  problemsku 
situaeiju  neravnoteze,  uzeo  vagu  kao  potporanj  za  verbalno  izrazavanje  proeesa 
vaganja  i pokazivao  sto  je  i kako  napravio  da  bi  uravnotezio  vagu.  Na  taj  je  nacin 
pokazao  sposobnost  upravljanja  vlastitim  spoznavanjem.  Drug!  djecak  je  pomocu 
crteza  objasnjavao  sto  su  i kako  djeca  vagala  i komentirao  kako  je  na  jednom  kraku 
vage  “vise  dijelova  jer  su  laksi”  od  onog  drugog  kraka  gdje  je  “manje  dijelova  koji 
su  tezi  - pa  zato  sve  stoji  ravno!” 

Medutim,  kada  smo  djeci  predlozili  da  nacrtaju  sto  je  bilo  na  jednom,  a sto 
na  drugom  dijelu  vage  oni  su  i dalje  crtali  ravnotezu  ili  neravnotezu  vage  ovisno 
o kolicini  elemenata  koji  su  na  pojedinoj  strani.  Tom  prilikom  su  brojala  kolicinu 
dijelova  pa  treba  razmisliti  je  li  uzrok  tome  teskoca  i nesnalazenje  djece  u nacinu 
kako  da  tehnikom  crtanja  izraze  razlike  u tezini,  ili  je  vjerojatnije  da  je  perceptivna 
vezanost  djece  za  stvarnost  i u predodzbi  snaznija  od  “labavo”  i netom  formiranog 
pojma  tezine  kao  misaonog  konstrukta,  neovisno  od  kolicine  i velicine?  Sigurno  je 
ovo  drugo. 

U jednoj  od  narednih  analiza  etnografskih  zapisa  zamijetili  smo  situaeiju  u 
kojoj  su  dva  djecaka  (u  dobi  od  6 godina)  usporedivala  na  vazi  samo  2 elementa 
drva  - priblizno  jednaka  po  velicini,  ali  razlicita  po  tezini  - ovdje  drzimo  bitnim 
naglasiti  da  se  radilo  o istom  materijalu  priblizne  velicine  (volumena)  -drvu-,  ali 
razlicite  vrste  (jelovina  i bukovina),  dakle  razlicitih  po  tezini.  Sve  do  aktivnosti 
s drvenim  materijalom  pri  cemu  su  dva  dijela  bila  slicna  po  obliku  a razlicita  po 
tezini  - djeca  su  u usporedivanju  vaganih  materijala  kao  objasnjenje  tezine  koristila 
pojmove:  vise  ih  je,  tanji  su,  veci  su  i slicno.  Prekretnica  u djecjem  shvacanju 
tezine  nastala  je  tek  u trenutku  kada  je  djecak  slucajno  uzeo  u ruke  dva  drva  slicna 
po  velicini,  ali  bitno  razlicita  po  tezini  i dok  je  drugi  djecak  - koji  je  bio  suigrac  i 
partner  prvome,  crtajuci  sto  se  dogada  s vagom  rekao:  “Valjda  je  unutra  nekaj  kaj 
je  razlicito”. 

Analizirajuci  i raspravljajuci  o ovoj  aktivnosti  prilikom  razgledavanja  njezina 
etnografskog  zapisa  pedagoginja  je  zapitala  prisutne  odgojiteljice  hoce  li  djeca  isto 
ili  razlicito  pristupiti  postavljanju  i rjesavanju  problema  u uvjetima  materijala  koji 
im  je  bio  dostupan  na  pocetku  i na  kraju  ovog  istrazivanja  zato  da  ih  potakne  na 
samouvid  o nuznoj  meduovisnosti  slozenosti  djeejih  aktivnosti  i onoga  putem  cega 
uce,  a to  je  izbor,  dostupnost,  kolicina  i stupanj  slozenosti  ponudenog  materijala. 


Rezultati  istrazivanja  i rasprava 

Analiziranjem  i interpretiranjem  gore  opisanih  etnografskih  zapisa  uocili  smo 
sest  etapa  slozenosti  u razvoju  djeejih  samoiniciranih  matematickih  aktivnosti  u 
centru  vaganja  i to  kako  slijedi: 

1.  istrazivanje  funkeioniranja  vage  (kada  i kako  se  vaga  pokrece) 
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2.  istrazivanje  uravnotezavanja vage  (uspostavljanje  ravnoteze  na vazi  s jeziccem 
na  sredini) 

3.  istrazivanje  neuravnotezenosti  vage  i pokusaj  razumijevanja  uzroka 

4.  postavljanje  i rjesavanje  problemskih  situacija  na  temelju  djecje  hipoteze  da 
su  tezina  i kolicina  iste  kategorije  (tezina  ovisi  o kolicini  predmeta) 

5.  rjesavanje  problemske  situacije  u kojoj  djeca  pretpostavljaju  da  su  kolicina 
i velicina  iste  kategorije  (tezinu  poistovjecuju  s velicinom  predmeta) 

6.  rjesavanje  problemske  situacije  zakljucivanjem  da  je  tezina  drugacija,  neo- 
visna  kategorija  i od  kolicine  i od  velicine  predmeta 

Na  temelju  pracenja  samoiniciranih  matematickih  aktivnosti  i nacina  na  koji 
djeca  u njima  proizvode,  pristupaju  i rjesavaju  prakticne  problemske  situacije 
zakljucili  smo  da  dostupnost,  preglednost,  kolicina,  raznovrsnost  i slozenost 
ponudenih  sredstava  imaju  odlucujuce  djelovanje  na  kvalitetu  i dosege  djecjeg 
ucenja  matematike.  Iz  tih  razloga  centar  vaganja  obavezno  bi  trebao  biti  opremljen 
materijalima: 

- jednakima  po  obliku  i volumenu,  a razlicitima  po  tezini  (u  nasem  slucaju 
valjcici  - memory  tezine) 

- razlicitih  tezina  i velicina  ( npr.  tesko  a malo,  a lako  i veliko,  isto  navodi  i 
Liebeck,  1995) 

- sitnim  materijalima  neodredenog  oblika  koji  nije  brojiv  (u  nasem  slucaju 
komadici  gline). 

Takoder  je  vazno  da  se  u centm  vaganja  nalazi  vaga  koja  omogucuje  iskustvo 
nejednakog  kraka,  vaga  za  uspostavljanje  ravnoteze  s jeziccem  na  sredini  i vaga 
za  uspostavljanje  ravnoteze  krakova  bez  oznake  sredine.  Istrazivanje  pokazuje  da 
je  to  minimum  opreme  neophodan  djeci  za  stjecanje  iskustva  o pojmovima  tezine 
koje  moze  osigurati  formiranje  matematickih  pojmova:  teze,  lakse  i razumijevanje 
djece  da  je  tezina  neovisna  od  kolicine  i velicine. 

Krsnik  (2001,16)  navodi  kako  “ Za  nastavnika  koji  zeli  prijeci  s tradicionalne 
nastave  na  konstruktivisticku  velik  je  problem  kako  u razredu  organizirati  odgo- 
varajuce  problemske  situacije.”  Promisljena  ponuda  materijala  primjerena  aktu- 
alnom  stupnju  djecjeg  razvoja  koja  se  utemeljuje  na  odgojiteljevom  pazljivom 
promatranju  djece,  uz  visu  razinu  razumijevanja  djece  ostvarenu  pomocu  etnograf- 
skih  zapisa  i pedagoske  dokumentacije,  a provodene  u pozitivnom  emocionalnom 
ozracju,  sudeci  po  ovom  istrazivanju,  za  nas  je  na  osnovi  ovog  istrazivanja  i u 
ovom  trenutku,  djelomican  odgovor  napitanje  kako  “prijeci  s tradicionalne  nastave 
na  konstruktivisticku”,  odnosno  kako  prijeci  s poucavanja  na  samostalno  stjecanje 
znanja. 


Umjesto  zakijucka 

Polazeci  od  socio-konstruktivisticke  teorije  djecjeg  ucenja  istrazivanjem  smo 
zeljeli  odrediti  na  koji  nacin  je  materijalno  poticajno  okruzenje  povezano  s kvalite- 
tom  djecjeg  iskustva  za  razumijevanje  kolicinskih,  velicinskih  i tezinskih  odnosa 
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u centra  vaganja,  to  jest  koliko  su  materijalni  poticaji  vazni  za  sukonstruiranje 
znanja  kvantitativnih  odnosa  i relacija  kod  djece  predskolske  dobi  u vrticu.  Na 
temelju  proucavanja  i metodicki  primjerenog  poticanja  djecjeg  ucenja  odredenih 
matematickih  pojmova  u odredenom  institucijskom  kontekstu  u ovisnosti  od  un- 
apredivanja  tog  istog  okruzenja  moze  se  zakljuciti  da  djecje  prirodno,  prakticno 
ucenje  matematike  u velikoj  mjeri  ovisi  o ponudi  konkretnih  materijala  i njihovog 
potencijala  za  stavljanje  u razlicite  meduodnose,  ispitivanje,  istrazivanje,  pret- 
postavljanje  i provjeravanje  jer  upravo  ponuda  materijala,  izmedu  ostalog,  odreduje 
slozenost  aktivnosti,  to  jest  kvalitetu  djecjeg  ucenja.  Ucenje  cinjenjem  (Miljak, 
2009),  putem  prakticnog  djelovanja  u socijalnoj  interakciji  djeteta  s drugom  djecom 
i odgojiteljem  u vrticu  omogucuje  stjecanje,  variranje,  dogradivanje  i revidiranje 
iskustva  u spiralnoj  progresiji  iz  kojega  dijete  postupno  derivira  svoje  znanje  na 
razinu  misaonog  konstrukta  ili  pojma.  Iz  toga  kao  i iz  opisa  djecjega  ponasanja  na 
izravne  odgojno-obrazovne  intervencije  odgojitelja  zakljucujemo  da  se  matematika 
ne  moze  poucavati,  nego  se  uci  onda  kada  djeca  konstruiraju  vlastito  matematicko 
razumijevanje.  Zbog  toga  se  od  odgojitelja  ne  ocekuje  poucavanje,  nego  poz- 
navanje  prirode  djecjeg  ucenja  utemeljenog  na  promatranju  i pracenju  djeteta  u 
svakodnevnim  aktivnostima.  To  ce  mu  pomoci  da  prepozna  razvojni  trenutak  u ko- 
jem  se  dijete  nalazi  i da  na  osnovi  toga  projektira  bogacenje  okruzenja  odredenim 
materijalima  za  daljnje  ucenje.  Stoga  podrucje  razvoja  pocetnih  matematickih  poj- 
mova kao  i svih  ostalih  podrucja  u predskolskim  ustanovama  zahtjeva  visok  stupanj 
profesionalne  osposobljenosti  odgojitelja  i kontinuirano  jacanje  njegove  strucne 
kompetencije  utemeljene  na  autorefleksiji  i grupnoj  refleksiji  vlastite  prakse. 

Vazno  je  istaknuti  da  rezultati  dobiveni  ovim  etnografskim  istrazivanjem  u 
znanstvenom  smislu  nisu  generabilni  na  siri  skup  jer  je  istrazivanje  provedeno  na 
malom,  hotimicnom  uzorku  djece.  No  i takvi  mogu  pomoci  i usmjeriti  daljnja 
istrazivanja  u podrucju  ucenja  matematike  u vrticu  i doprinijeti  primjerenom 
metodickom  oblikovanju  aktivnosti  za  ucenje  matematickih  pojmova  predskolske 
djece  utemeljenom  na  teoriji  socijalnog  konstruktivizma  i usmjerenim  na  postavl- 
janje  i rjesavanje  matematickih  problema,  a ne  na  poucavanje  o njima.  Te  se 
aktivnosti  “grade"  na  djecjim  prakticnim  akcijama  predmetima,  objektima  i po- 
javama  u realnom  okruzenju  koje  dijete  dovodi  u veze  i odnose  na  mentalnom 
planu  i izgraduje  simbolicke  strukture:  misljenje,  govor  i pisane  znakove. 
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Poticanje  razvoja  matematickih  vjestina 
kod  djece  predskolske  dobi  kroz  projekte 


Visnja  Vekic-Kljaic 

Centar  za  predskolski  odgoj,  Osijek,  Hrvatska 


Sazetak.  U razvojno  primjerenim  programima,  matematika  za- 
uzima  vazno  mjesto.  Vrijednost  matematike  ocituje  se  u njezinoj 
prisutnosti  u svakodnevnom  zivotu.  Matematicki  koncepti,  poput  bro- 
jeva,  mjerenja,  prostornih  odnosa  i si.  djeci  predskolske  dobi  su  bliski 
i dostupni.  U radu  predstavljamo  aktivnosti  poticanja  matematickih 
vjestina  u okviru  djecjeg  projekta  “Svemir”  provedenog  koncem  2009. 
godine  u Osijeku.  Pokazalo  se  kako je  projekt,  koji je  trajao  tri  mjeseca, 
bio  prilika  za  poticanje  cjelokupnog  razvoja  djeteta,  a time  i razvoja 
matematickih  vjestina.  Cilj  ovog  rada  je  prikaz  aktivnosti,  sastavnog  di- 
jela  projekta,  kojima  se  poticao  razvoj  matematickih  vjestina.  Djeca  su 
pracena  metodom  promatranja  i biljezenja  u sklopu  cega  su  im  nudeni 
zadaci  u skladu  s njihovim  razvojnim  mogucnostima.  Matematicke 
pojmove  djeca  su  stjecala  kroz  igru,  razlicite  aktivnosti  i zadatke  te 
samostalna  istrazivanja. 

Kljucne  rijeci:  matematika,  matematicke  vjestine,  djeca  pred- 
skolske dobi,  djecji  projekti 


Uvod 

Matematika  je  sastavni  dio  svakodnevnog  zivota.  U razvojno  primjerenim 
programima  ona  zauzima  vazno  mjesto.  Slunjski  (2006)  navodi  kako  razvoj 
pocetnih  matematickih  pojmova  kod  djece  treba  bid  u skladu  s razvojnim  karak- 
teristikama  pojedinoga  djeteta  te  karakteristikama  procesa  ucenja  predskolskog 
djeteta.  Matematicki  koncepti,  poput  brojeva,  mjerenja,  prostornih  odnosa  i si.  djeci 
predskolske  dobi  su  bliski  i dostupni.  U praksi,  to  znaci  kako  ce  se  u poucavanju 
matematike  polaziti  od  djecjeg  iskustva  uz  primjenu  konkretnih  materijala  koje  ce 
djeca  upoznati  (u  prvom  redu  taktilno  i vizualno),  igrati  se  s njima  i onda  ih  us- 
poredivati,  brojati,  klasificirati. . . Cudina-Obradovic  (2002),  Cudina-Obradovic  i 
Brajkovic  (2009)  navode  da  je  u projektu  osobito  izrazena  djetetova  aktivnost. 
Tijekom  projekta  djeca  odlucuju,  raspravljaju,  objasnjavaju  i obrazlazu  svoje  ideje 
vrsnjacima,  predvidaju  rezultate  neke  aktivnosti,  donose  pretpostavke,  provjeravaju 
cinjenice,  zakljucuju  iz  podataka,  biljeze  opazanja,  nude  prijedloge  i primjedbe 
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i prihvacaju  odgovornost  za  svoj  rad  i za  postignute  rezultate.  Obzirom  da  se 
matematicke  aktivnosti  mogu  provoditi  tijekom  predskolskog  perioda,  osmisljene 
su  aktivnosti  poticanja  matematickih  vjestina  u okviru  djecjeg  projekta  “Svemir”. 
Tijekom  tri  mjeseca,  koliko  je  projekt  ttajao,  djeca  su  osnovne  matematicke  poj- 
move  usvajala  kroz  igru  i samostalne  istrazivacke  zadatke. 


Nastanak  i cilj  projekta  “Svemir” 

Ovaj  projekt  poceo  je  u starijoj  odgojnoj  skupini  kada  je  jedan  djecak  od  roditelja 
na  poklon  dobio  teleskop.  Svaki  dan  djecak  je  pricao  o zvijezdama,  mjesecu,  suncu 
s velikim  zanimanjem  i odusevljenjem.  Donio  je  u skupinu  i razne  enciklopedije 
o svemiru,  a u njihovo  proucavanje  ukljucivala  su  se  i druga  djeca.  Ubrzo  smo 
svi  zajedno  otisli  u knjiznicu  posuditi  jos  slikovnica  i knjiga,  a ukljucili  su  se  i 
roditelji  s plakatima  Suncevog  sustava  i zvijezda.  Soba  se  dnevnog  boravka  ubrzo 
pretvorila  u “svemir”.  Prateci  interese  djece,  osmisljen  je  projekt  “Svemir”  ko- 
jemu  je  glavni  cilj  bio  zadovoljiti  djecji  interes  za  svemirom,  planetima  suncevog 
sistema,  svemirskimletjelicama,  astronautimaipotaknutiihdapromatraju,  postavl- 
jaju  pitanja,  istrazuju,  samostalno  razmisljaju,  zakljucuju  i prosiruju  svoja  znanja 

0 svemiru.  U ovom  radu  osvrnula  sam  se  na  matematicke  vjestine  i sposobnosti 
koje  su  djeca  stjecala  tijekom  projekta.  Kirsten  i sur.  (2004)  navode  da  matem- 
atika  predstavlja  temelj  tehnoloskog  napretka  koji  se  dogada  u svijetu,  pocevsi 
od  industrijske  revolucije,  preko  svemirskih  istrazivanja  pa  sve  do  doba  teleko- 
munikacije  i internetizacije.  Djeci  stoga  moramo  pruziti  matematicku  pismenost. 
Odgajatelji  trebaju  pomoci  djeci  da  postanu  svjesni  funkcije  matematickih  pojmova 

1 darazviju  svoju  matematicku  kompetenciju  u direktnoj  interakciji  sa  svijetom  oko 
sebe.  Kirsten  i sur.  (2004)  navode  da  ce  rana  iskustva  s matematickim  pojmovima 
ucvrstiti  temelje  za  matematicko  razmisljanje,  a dobri  temelji  omoguciti  ce  djeci 
da  primjene  matematicko  znanje  u prakticnim  situacijama  i da  se  uspjesno  uklope 
u tehnoloski  slozenu  globalnu  zajednicu. 


Prikupljanje  materijala  i pocetne  aktivnosti 

Razvojem  projekta  rasla  je  i djecja  znatizelja  o svemiru.  Osim  u knjigama  odgov- 
ore  su  trazili  i kroz  samostalne  zadatke  pa  su  djeca  pratila  mjeseceve  mijene  te 
su  usporedivala  planete  po  boji,  velicini,  udaljenosti  od  Sunca  i Zemlje.  Tijekom 
projekta  nastala  je  i scenska  igra  “Sunceva  obitelj”  te  kazaliste  sjena  (za  sto  je  bilo 
potrebno  naciniti  lutke  — planete  te  pribaviti  plocu  od  pleksiglasa  i reflektor).  Sa 
scenskom  igrom  “Sunceva  obitelj”  bill  smo  na  medunarodnom  susretu  kazalisnih 
grupa  djecjih  vrtica  u Podgorici,  a uz  pomoc  jednog  tate  organizirali  smo  i posjet 
Planetariju  i Tehnickom  muzeju  u Zagrebu.  U projekt  su  se  postepeno  ukljucivale 
obitelji  djece  te  nam  je  djed  jednoga  djecaka  pomogao  izraditi  raketu.  Djeca  su  u 
nju  donosila  telefone,  digitrone,  razne  kutije  od  kojih  su  pravili  upravljacku  plocu 
te  pisali  brojeve  i slova.  Nacinili  su  robota  od  kutija,  razlicite  letjelice  od  kartona  i 
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maketu  suncevog  sustava.  Djeca  su  tijekom  ovih  aktivnosti  ovladavala  prostornim 
odnosima,  razvijala  i uocavala  smjerove  u prostoru  i pojam  udaljenosti,  povezivala 
predmete  i pojave  te  uzrocno-posljedicne  veze  medu  njima,  razvijala  nacela  bro- 
janja,  pridruzivanja  broja,  imenovanja  i prepoznavanja  slike  broja  i geometrijskih 
likova,  istrazivala,  pitala,  uocavala  odnose,  samostalno  rjesavala  probleme  i stjecala 
znanja. 


Razvoj  (tijek)  projekta 

Kako  se  projekt  razvijao,  zapazila  sam  kako  se  aktivnosti  mogu  razvrstavati  na 
istrazivacko-spoznajne,  aktivnosti  za  razvoj  govora  i pismenosti,  likovno-kreativne 
aktivnosti,  glazbene,  matematicke,  tjelesne,  manipulativne  i drustvene  igre.  Cesto 
je  bilo  tesko  jednu  aktivnost  svrstati  u samo  jedno  podrucje  jer  su  se  aktivnosti 
ispreplitale.  Sto  se  tice  matematike,  aktivnosti  u ovom  projektu  su  bile  slijedece: 
brojanje,  usporedivanje  brojeva,  upoznavanje  prostornih  odnosa,  usporedivanje 
predmeta  i klasifikacija  predmeta. 

I.  Brojanje: 

1.  Mehanicko  brojenje 

a)  Prepoznavanje  brojevnih  rijeci  i njihova  redoslijeda 

2.  Brojenje  pridruzivanjem 

a)  Razumijevanje  smisla  brojenja 

(Primjer  igre:  Tko  ce  skupiti  vise  zvjezdica?  — Na  razlicita  mjesta  u sobi 
staviti  fluorescentne  zvijezde.  Zamraciti  sobu  dnevnog  boravka.  Djeca 
sjede  u krugu  i svako  dijete  baca  veliku  kocku  te  skuplja  onoliko  zvijezda 
koliko  je  pokazala  bacena  kocka.  Na  kraju  kada  su  sve  zvijezde  prikupljene, 
svako  dijete  prebroji  svoje  zvijezde.  Dijete  koje  ima  najvise  zvijezda  je  pob- 
jednik.) 

3.  Prepoznavanje  brojaka  i pridruzivanje  kolicini 
a)  Brojevi  kao  kolicina  premeta 

(Primjeri  aktivnosti  i igara:  Zvijezde  — pravljenje  kolaca  sto  ukljucuje 
mjerenje,  vaganje,  mijesanje,  oblikovanje.  Djeca  imaju  na  stolu  ponuden 
recept,  sastojke,  digitalnu  stolnu  vagu,  posudu,  valjak  i oblike  zvijezda. 
Jedno  dijete  cita  recept,  drugo  vaze,  trece  mijesa  sastojke,  te  svi  zajedno  od 
tijesta  prave  zvijezde  i nose  ih  u kuhinju  peci,  te  ih  kasnije  i jedu  i nude 
prijateljima. 

Robot  za  mjerenje  — aktivnost  mjerenja,  ponudene  su  igracke  robota  ra- 
zlicite  velicine,  od  manjih,  srednjih  do  vecih.  Lego  kockice  za  mjerenje, 
papir,  boje,  olovke.  Pokraj  robota  djeca  naslazu  Lego  kockice  pa  zajedno 
izbroje  koliki  je  broj  kockica  visok  robot.  Broj  kocaka  dijete  upise  pored 
crteza  robota. 

Koliko  je  zvijezda  na  nebu?  — radne  liste,  pridruzivanje  broja,  prostomi 
odnosi.  Nacrtani  su  skupovi  sa  razlicitim  brojem  zvijezda.  Dijete  treba 
pored  skupa  napisati  broj. 
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Nacrtaj  onoliko  zvijezda  koliko  pise!  — ponudene  su  boje,  olovke,  dijete 
treba  nacrtati  tocan  broj  zvijezda  u oblacic.) 

II.  Usporedivanje  brojeva 

a)  Jednako,  za  jedan  vise,  za  jedan  manje 

Usporedivanje  velicine  skupina,  djeca  postepeno  uocavaju  kade  se  skupine 
razlikuju. 

(Primjeri  igara:  Sv emir-domino  — kartice  u boji  sa  slicicama,  na  karticama 
je  jedna  raketa  ili  dvije  planete  ili  tri  zvijezde  ili  jedno  sunce.  Igra  se  kao 
domino. 

Memory  — zvijezde  razlicitih  boja  i s razlicitim  brojem  krakova;  dijete  treba 
pronaci  parove,  igra  se  u paru.) 

b)  Usporedba  brojeva  “u  glavi” 

Bez  brojanja  prstiju  i predmeta  reci  koji  je  broj  veci  ili  manji. 

Sve  ove  vjestine  i znanja  djeca  su  stjecala  tijekom  projekta  krecuci  se  pros- 
torom,  baratajuci  predmetima,  usporedujuci  ih,  otkrivajuci  njihova  svojstva  i us- 
poredujuci  kolicine.  Roditelji  su  se  ukljucivali  u ovo  djecje  istrazivanje  i nudili 
nam  nove  sadrzaje,  aktivnosti,  svoju  pomoc  i podrsku.  Izradivanjem  radnih  lis- 
tova  bio  mi  je  cilj  usmjeravati  i odrzavati  djecju  pozornost,  razumijevanje  odnosa 
medu  predmetima,  razumijevanje  crteza  i brojeva  kao  zamjene  za  stvarne  predmete 
i odnose  u okolini,  prepoznavanje  i pamcenje  brojaka  kao  i njihove  povezanosti 
s kolicinom,  postepeno  privikavanje  na  samostalnost  i ustrajnost.  Radni  listovi 
poticali  su  i medusobno  dogovaranje  djece  i rasprave  o rjesenju  zadatka.  Nastojala 
sam  uvijek  pohvaliti  djecji  rad  i trud,  te  napor  i upornost  u izradi  zadatka. 

III.  Upoznavanje  prostornih  odnosa 

Tijekom  projekta  djeca  su  ucila  o odnosima  u prostoru,  o odnosima  pred- 
meta, o svojstvima  predmeta. 

(Primjeri  aktivnosti  i igara;  Planete  su  gore  iznad  nas  — promatranje 
teleskopom,  dozivljaj  u Planetariju.  Planete  blize  i dalje  od  Sunca  i Zemlje 
— uocavanje  udaljenosti  u slikovnicama,  knjigama,  enciklopedijama,  plaka- 
tima,  mjerenje  prstom,  ravnalom,  papirnatim  trakama,  djeca  sama  smisljaju 
nacine  kako  da  tocno  utvrde  kolika  je  udaljenost  planeta,  primjecuju  da  neke 
visa  sjaje  a neke  manje,  da  su  neke  zute,  druge  crvene,  pitaju  jesu  crvene 
toplije.  Putanja  planeta  — planete  se  zavrte  na  crnom  krugu  oko  Sunca  i 
gleda  se  njihova  putanja,  napravljena  maketa  od  kolaza  i tvrdog  papira  sa 
cavlicem  u sredini.) 

IV.  Usporedivanje  predmeta 

(Primjeri  igara  i aktivnosti;  Planete  - izrezane  slike  planeta,  planete  od  kugli 
od  stiropora,  usporedivanje  njihove  velicine  te  slaganje  od  manje  do  vece 
i obrnuto,  stiropor  djeca  bojaju  odgovarajucim  bojama  planeta  a papirnate 
planete  lijepe  na  papir,  prave  makete,  slazu  ih  po  udaljenosti  i slijedu. 

Dan  i noc  — pokretna  igra,  jedno  dijete  govori  upute  a druga  djeca  kad  je 
dan  stanu,  a kad  je  noc,  cucnu. 
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Djeca  na  plakatima  i u knjigama  uocavaju  svojstva  planeta;  tople  i hladne, 
velike  i male,  crvene  i plave,  s prstenom  i bez  prstena. 

Suncev  sustav  — suprotnosti  — potaknuti  djecu  na  nabrajanje  suprot- 
nosti  vezane  uz  suncev  sustav  (mali/veliki,  blizu/daleko,  toplo/hladno, 
lijevo/desno,  gore/dolje,  visoko/nisko,  dan/noc. . .) 

Zvijez.de  razUcitih  velicina  — djeca  prave  rastuce  i padajuce  nizove  na 
temelju  minimalnih  razlika  u pogledu  velicine  po  kojoj  se  predmeti  nizu. 
Zvijezde  su  od  papira  ill  plasticne.) 

V.  Klasifikacija  predmeta 

a)  Svrstavanje  i razvrstavanje 

Djeca  su  pronalazila  zajednicka  svojstva  razlicitih  predmeta  i nacine  kako  se 
ona  mogu  razvrstati  i svrstati  prema  zajednickim  bitnim  svojstvima  (plan- 
ete,  rakete,  svemirci)  a razvrstavala  su  i geometrijske  likove. 

(Primjeri  aktivnosti;  Raketa  — radni  list  sa  zadatkom  da  se  oboji  trokute 
zuto,  krugove  plavo  a pravokutnike  zeleno,  raketa  je  nacrtana  od  dijelova 
geometrijskih  likova. 

Zvijezde  — pronadi  par,  zvijezde  su  razlicitih  boja  i s razlicitim  brojem 
krakova,  djeca  pronalaze  parove,  igra  se  u paru,  tko  vise  skupi  je  pobjed- 
nik.) 

b)  Sparivanje  i pridruzivanje 

(Primjeri  igara  i aktivnosti;  Strujni  krug  — povezivanje  premeta  s is- 
tovrsnim  i pripadajucim  (astronauta  s raketom,  zvijezde  s nebom,  astronoma 
s teleskopom. . . i svemirske  pojmove  sa  slovima — dijete  poveze  sliku  i rijec, 
lampica  zasvijetli  ili  poveze  sliku  broja  sa  brojem  zvijezda  ili  planeta.)). 


Zakijucak 

Kirsten  i sur.  (2004)  navode  kako  matematika  prozima  cjelokupno  iskustvo 
covjeka.  U svakoj  kulturi  matematicki  pojmovi  koriste  se  u svakodnevnom  ziv- 
otu.  Matematika  predstavlja  temelj  zapanjujuceg  tehnoloskog  napretka  koji  se 
dogada  u svijetu,  zato  nasoj  djeci  trebamo  pruziti  matematicku  pismenost  i dobre 
temelje  za  matematicko  razmisljanje,  a dobri  temelji  omoguciti  ce  im  da  primjene 
matematicko  znanje  u prakticnim  situacijama  i da  se  uspjesno  uklope  u tehnoloski 
slozenu  globalnu  zajednicu.  Osnovna  pretpostavka  projekta  je  da  djeca  promatraju, 
pitaju,  istrazuju  i poduzimaju  odredene  aktivnosti  u vezi  s temom,  te  samostalno 
razmisljaju  i zakljucuju  te  sire  svoja  znanja  aktivirajuci  pritom  svoje  potencijale  i 
razvijajuci  mnoge  sposobnosti.  Radeci  na  projektu  o svemiru,  ucila  sam  i istrazivala 
zajedno  s djecom.  Cesto  su  me  iznenadila  njihova  pitanja  i putovi  pomocu  kojih 
su  dolazili  do  znanja  te  njihova  uronjenost  u problem  i istrazivanje.  Tek  kada  sam 
sistematizirala  aktivnosti  uvidjela  sam  koliko  podrucja  djetetovog  razvoja  moze 
obuhvatiti  jedan  projekt  i koliko  mogu  biti  zastupljene  matematicke  aktivnosti  te 
kolika  je  njihova  vrijednost  u cjelokupnom  razvoju  djeteta. 
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A valodi  targyak  szerepe  a 
matematikatamtasban 


Katalin  Munkacsy 

ELTE  TTK,  Budapest,  Magyarorszag 


Osszefoglalo.  A manipulacios  eszkozok  nagyon  fontosak,  mert 
konkret  tevekenysegen  keresztiil  teszik  lehetove  az  elvont  matematikai 
fogalmak  megerteset. 

Eloszor  Bruner  es  Dienes  egyetemi  kollegak  gyerekein  probalta 
ki  olyan  eszkozok  alkalmazasat  amelyekkel  algebrai  osszefiiggesek 
fedezhetok  fel.  Sikereik  es  kutatasaik  reven  ma  mar  altalanosan 
elfogadotta  valt  a manipulacios  eszkozok  alkalmazasa. 

Hipotezis: 

Vannak  gyerekek,  kozottiik  igen  tehetsegesek  is,  akiknek  alapveto 
hianyossagaik  miatt  a matematikai  jatekok,  az  azokban  megtestesiilo 
matematikai  tartalmak  elerhetetlenek. 

Hipotezisiinet  kvalitativ  modszerekkel  vizsgaltuk. 

Fejleszto  foglalkozas  kereteben  feltartuk  a hianyossagokat  es 
didaktikai  modszereket  konstrualtunk  azok  megsziintetesere. 

1 . Nem  matematikai  jatekok  a dobokockaval,  a kartyak  ertekevel 
osszefiiggo  tapasztalatok  megszerzesere 

2.  Targyakkal  vegzendo,  matematikailag  relevans,  feladatok 

A a matematikatanulast  segito,  kifejezetten  erre  a celra  kesziilt 
eszkozok  (Dienes  keszlet,  szmesrudak,  logikai  keszlet)  hasznalata  a 
tanuloktol  matematikai  eloismereteket  valoban  nem  igenyel,  viszont 
sziikseges  a szimbolikus  gondolkodas  eleg  magas  szintje.  Ezt  a gy- 
erekek a szokasos  csaladi,  ovodai  jatekok  soran  el  is  erik,  vannak 
azonban  kivetelek  is,  elosorban  a tarsadalmilag  hatranyos  helyzetu 
gyerekek. 

A vizsgalatainkat  8-10  eves  tanulok  koreben  vegeztiik. 


Manipulacios  eszkozok  es  a matematikatanitas 

Az  eszkozok  hasznalatanak  hosszu  tortenete  van  a matematikatanitasban. 
Most  mar  virtualis  eszkozoket  is  hasznalhatunk,  ennek  egyik  szep  gyujtemenyet 
talalhatjuk  az  http : //www . ct4me . net/mathjnanipulatives . htm  lapon.  En- 
nek ellenere  a targyi  manipulacios  eszkozok  nem  vesztettek  el  jelentosegiiket. 
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Hogyan  hasznalhatjuk  a manipulacios  eszkozoket  a matematikai  fogalmak 
megertesenek  es  a problemamegoldo  kepessegek  fejlesztesenek  segitesere?  Piaget 
(1999)  a matematikatanulasban  a targyak  szerepet  emelte  ki,  Vigotszkij  (1966) 
pedig  a tarsas  kapcsolatoket.  Cole  (e.  n.)  elemezte,  bogy  a gyakorlatban  e ket 
nezet  nem  ellentetes,  jol  kombinalhato. 

Bruner  tanulaselmelete  (1968)  ket  fontos  uj  gondolattal  gazdagitotta  a matem- 
atikadidaktikat  is.  Az  egyik  szerint  az  uj  ismeretek  a tudatunkban  ketfele  modon 
rendezodnek  el  (Bruner,  1991).  Az  egyik  a narrativ  mod,  amely  megtartja  az 
ismeretek  megszerzesenek  tbrtenetiseget,  a masik  pedig  a logikai  mod,  amely  a 
logikai  kategorizalason  alapul.  Hasonlokeppen  fontos  a reprezentacios  modok 
elmelete,  amely  szerint  a targyi  reprezentaciobol  a kepin  keresztiil  jutunk  el  a sz- 
imbolikus  reprezentaciohoz  (Bruner,  1974).  A tanulas  parhuzamosan  zajlo  folya- 
matait  fogalmazta  meg  egy  lij  rendszerben  Paivio  es  Clark  (1991)  dualis  kodolasi 
elmelete,  amely  szerint  agyunk  a verbalis  es  a kepi-targyi  informaciokat  parhuzamo- 
san dolgozza  fbl.  Az  iskolai  matematikatanulas  pontosabb  leirhatosaga  erdekeben 
Nakahara  (2008)  tovabb  fmomitotta  Bruner  reprezentacios  modjait. 

• S2  Szimbolikus  reprezentacio,  amely  szamokat,  betuket  es  egyeb  szimbolu- 
mokat  alkalmaz 

• SI  Nyelvi  reprezentacio,  amely  a mindennapi,  beszelt  nyelvet  alkalmazza 

• 1 lllusztrativ  (kepi)  reprezentacio 

• E2  Manipulacios  reprezentacio,  amelyben  a tanulok  modelleket  es  egyeb 
oktatasi  eszkozoket  hasznalnak 

• ElRealisztikus  reprezentacio,  amely  a valodi  targyakon  alapul. 

A Nakahara  altal  megallapitott  szintek,  akarcsak  Bruner  reprezentacios  modjai 
a szimbolumhasznalat  jellegere  utalnak,  nem  a problemamegoldas  szintjeire.  A re- 
alisztikus  reprezentacio  segitsegevel  is  adhatunk  a tanuloknak  nehez  megoldando 
problemakat.  Alan  Bishop,  aki  a matematikatanftas  szociologiaja  elnevezesu  ku- 
tatasi  irany  egyik  megalapitoja  a modellek  iranyabol  kbzelftette  meg  a kerdest. 
Bishop  szerint  a valodi  vilag  jelensegeinek  letezik  matematikai  modellje  es  a 
matematikai  fogalmaknak  letezik  fizikai  modellje,  a matematikai  fogalmak  valodi 
targyakkal  modellezhetdek. 


Hipotezis 

Eeltetelezzuk,  hogy  vannak  olyan  tanulok,  kbzbttuk  igen  tehetsegesek  is, 
akiknek  a matematikai  jatekok  es  a jatekok  matematikai  vonatkozasai  elerhetetlenek 
hianyos  eloismereteik  es  szegenyes  tapasztalataik  miatt.  Szamukra  a realisztikus 
reprezentacio 

nagy  segitseget  jelent,  es  ez  fiiggetlen  ertelmi  kepessegeiktdl. 


Oktatasi  tapasztalataink  osszevont  tanulocsoportos  magyar,  valamint 
kenyai  iskolakban 

Hipotezisiinket  kvalitativ  modszerekkel  vizsgaltuk.  A munka  soran  kesziilt 
fenykepek  es  oktatasi  eszkbzbk,  valamint  a pedagogusok  beszamoloi  es  a tanulok 
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frasbeli  reflexioi  akutatas  reszet  kepezik,  azok  a konferencia  honlapjan  tekinthetok 
meg. 

Celunk  az  volt,  hogy  a hatranyos  helyzetu  tanulok  kepesse  valjanak  matem- 
atikai  jatekok  jatszasara,  ennek  erdekeben  olyan  tapasztalatokhoz  akartuk  juttatni 
oket,  amelyeket  a tbbbi  tanulok  sajat,  kbzeposztalybeli  csaladjukban  megszerezhet- 
nek. 


Vizsgalatainkat  8-9  eves  tanulok  kbreben  vegeztuk. 

A legfontosabb  modszertani  megoldas  a valodi,  mas  celokra  is  hasznalt  targyak 
oktatasi  eszkbzkent  valo  alkalmazasa  volt. 

• Megmutattuk  nehany  targy  szimbolikus  jelentdseget,  dobokockat  hasznaltunk, 
batoritottuk  a kartyajatekokat.  A gyerekek  sok  rajzos  es  irasos  feladatot  kap- 
tak,  elsosorban  azert,  hogy  ezaltal  is  a szimbolumhasznalatot  gyakoroljak. 

• Sok  eszkbzt  hasznaltunk  a matematikai  fogalmak  es  bsszeftiggesek  megerte- 
senek  eldsegitesere.  Nem  hasznaltuk  a standard  oktatasi  eszkbzbket,  bar 
azokat  igen  fontosnak  tartjuk,  de  velemenyiink  szerint  hasznalatukhoz  a 
szimbolikus  gondolkodas  viszonylag  magas  szintje  sziikseges,  mi  pedig 
eppen  ennek  a kepessegnek  az  alapjait  terveztiik  kiepiteni.  Az  eszkbzeink  a 
gyerekek  szamara  ismerds,  pi.  a konyhakban  is  megtalalhato  targyak  voltak. 


A kiserleti  orak  szokasos  menete  a kbvetkezd  volt: 

• A diasorozatok  bemutatasa  szamitogepek  segftsegevel 

• Problemamegoldas  valodi  targyak  segftsegevel 

• A gyerekek  tbrtenetmeselese  Mi  tbrtent  az  oran?  cfmmel 


Ot  temaban  kesziilt  diasorozatot  probaltunk  ki  az  iskolakban 

1.  Poharak,  meres 

2.  Kirandulas,  terbeli  tajekozodas 

3.  Egyiptomi  szamfras,  a bizonyftasok  elsd  lepesei 

4.  Utazas,  adatkezeles 

5.  Poliederek 

Poharak,  meres,  mertekegysegek 

Cel:  A meres  es  a mertekegyseg  fogalmanak  kialakftasa,  elmelyftese  az 
urtartalom  alkalmilag  valasztott  egysegekkel  tbrtend  merese  reven,  annak  a hetkbznapi 
tapasztalatnak  beepftese  a matematikai  ismeretek  kbrebe,  hogy  ha  kisebb  edennyel 
tbltiink  meg  egy  tartalyt,  akkor  tbbbszbr  kell  fordulnunk,  mintha  ugyanezt  nagyobb 
edennyel  tennenk. 

Sziikseges  eszkbzbk:  Vfz,  kisebb  es  nagyobb  poharak,  kancso. 

Kbvetelmenyek:  Minimalis  kbvetelmeny:  A tapasztalatok  kbzvetlen  megfogal- 
mazasa,  pL:  „Kisebb  edennyel  tovabb  tart  a kancso  megtbltese.”  Optimalis 
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kovetelmeny:  Mas  mennyisegek  meresere  es  altalaban  a meresre  vonatkozo  bssze- 
ftiggesek  megfogalmazasa,  a valtoszamok  ismerete,  a mertekegysegek  adott  fe- 
ladathoz  illeszkedo  megvalasztasa.  A temahoz  kapcsolodo  szdveges  feladatok 
megfogalmazasa  es  megoldasa. 


Kirandulas,  terbeli  tajekozodas 

Cel:  A harom  terbeli  irany  szavainak,  le-fbl,  eldre-hatra,  jobbra-balra  hasznalataval 
a terbeli  tajekozodas  tudatossa  tetele,  a terfogalom  kialakitasa  else  lepeseinek 
megtetele.  Terbeli  alakzatok  epitese,  a parhuzamossag  es  a merolegesseg,  az 
azonos  elhossz  reprodukalasa  kiilbnbbzd  modellekkel.  A bal  es  jobb  oldal,  a balra 
es  jobbra  kanyarodas  fogalmanak  gyakorlasa. 

Sziikseges  eszkbzbk:  Gyurma,  palcikak;  hely  es  eszkbzbk  szituacios  jatekokhoz,  a 
„jobbra  kanyarodo  auto”. 

Kbvetelmenyek:  Minimalis  kovetelmeny:  A tapasztalatok  kbzvetlen  megfogal- 
mazasa, a bal  es  jobb  oldal  biztos  ismerete,  pi.  bal  kez,  jobb  kez.  Optimalis 
kovetelmeny:  Az  iranyok  biztos  alkalmazasa  mozgasban  is. 


Idokerek,  egyiptomi  szamiras  es  az  elso  lepesek  a matematikai  bizonyitas  fele 

Cel:  A tbrtenelmi  keret  segitsegevel  elosegiteni  ket,  didaktikailag  nagyon 
kiilbnbbzd  jellegu  fogalom  melyebb  megerteset.  Az  egyik  a mi  szamirasunk,  ami 
annyira  egyszerunek,  nyilvanvalbnak  tunik,  bogy  egy  masik  kultura  alapvetden  mas 
megoldasanak  ismerete  segithet  megerteni  a benne  rejld  tartalmat,  a helyiertekes 
szamiras  lenyeget.  A masik  fogalom  a bizonyitas,  amely  eppen  bogy  nagyon  tavoli- 
nak,  idegennek  latszik.  Nehez  eszrevenni,  bogy  mindennapi  eletiinkhbz  valbjaban 
milyen  kbzel  all,  hiszen  szinte  minden  dbntesiink  feltetelezeseken,  hipoteziseken 
alapul. 

Sziikseges  eszkbzbk:  Rajzeszkbzbk  a hieroglifak  leegyszerusitett  megrajzolasahoz, 
papirmodellek  a „csokoladekhoz”,  a negyzetek  teriiletenek  bsszehasonlitasahoz. 
Kbvetelmenyek:  Minimalis  kb vetelmeny:  Az  egyiptomi,  szigoruan  additiv  szamiras 
irasa,  olvasasa.  Prbbalkozas  a megismert  problema  „Melyik  teriilet  nagyobb?  A ket 
kis  negyzete  egytitt,  vagy  anagye?”  kiserleti  megoldasara.  Optimalis  kb  vetelmeny: 
Az  egyiptomi  szamiras  biztos  ismerete,  a tanulb  legyen  kepes  bsszehasonlitani  a 
ketfele  szamirast  nehany  szempont  szerint,  szorzas  egyiptomi  mbdra.  A teriilete- 
gyenldseg  atdarabolasos  bizonyitasanak  megertese. 


Utazas,  adatkezeles 

Cel:  Egyszeru  peldan  megismertetni  a tanulbkkal  az  alkalmazott  matematika 
nehany  sajatossagat,  gyakorlatszerzes  az  adatok  gyujteseben  es  elrendezeseben, 
feladatok  megfogalmazasa  es  megoldasa  az  adatok  segitsegevel. 

Sziikseges  eszkbzbk:  Menetrendek,  arlistak.  Dobbkocka  a feladatok  generalasahoz. 
Kbvetelmenyek:  Minimalis  kb  vetelmeny : A kapott  adatok  beirasa  a kapott  tablazat 
megfeleld  helyere,  egyszeru  szamitasok  elvegzese.  Optimalis  kbvetelmeny:  Annak 
ismerete,  bogy  az  adatok  elrendezesenek  es  bemutatasanak  tbbbfele  mbdja  lehet. 
Az  adatok  elemzese,  kerdesek  felvetese  es  valaszok  keresese,  becsles  es  szamolas 
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Poliederek 

Cel:  A polieder  szemleletes  fogalmanak  kialakitasa,  a poliederek  fajtai,  tula- 
jdonsagai,  nehany  pelda  bemutatasa  nem  polieder  testekre.  A poliederek  dsszeha- 
sonlitasa,  megkiildnbbztetese  az  elek,  lapok,  csucsok  szama  alapjan. 

Sziikseges  eszkbzbk:  Gyurma,  palcikak,  dobozok,  epitokockak. 

Kbvetelmenyek:  Minimalis  kbvetelmeny:  A kocka  es  a teglatest  fogalma,  rais- 
meres,  modellek eloallftasa.  Optimalis kbvetelmeny:  Problemamegoldas  apoliede- 
rekkel  kapcsolatban. 


Kovetkeztetesek 

Az  orakrol  kapott  beszamolbk  alapjan  a tanulok  szfvesen  vegeztek  feladataikat. 
Szamunkra  meglepb  volt,  bogy  nehanyan  korabban  nem  ismertek  a dobokockat, 
semmilyen  tablas  jatekkal  meg  nem  jatszottak.  A dobbkockas,  az  iigyessegi  es 
a szituacios  jatekok  soran  a tanulok  sok  tapasztalatot  szereztek  a szimbolumok 
hasznalataban.  A valodi,  korabban  is  ismert  targyakkal  szerzett  tapasztalatokra 
epitve  kezdtunk  el  egyszeru  matematikai  jatekokat  jatszani  matematikai  oktato  esz- 
kbzbkkel  is,  peldaul  a szines  rudakkal  es  a logikai  keszlettel.  Minden  tanulo  sokat 
fejlbdbtt,  kbziiluk  a tehetsegesek  kepesek  voltak  nehez  problemak  megoldasara  is. 
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Sazetak.  Djecja  prava  i inkluzivno  obrazovanje  predstavljaju  temu 
koja  ima  mogucnostpovecati  znacenje,  moc  i prava  u obrazovanju  (Hart 
i sur.,  2001). 

Danasnje  vlade  preuzimaju  odgovornost  za  obrazovanje  sve 
djece.  Posebna  pozornost  usmjerena  je  na  sposobnosti  i potrebe 
djece  kroz  individualizirane  pristupe,  prilagodene  ill  posebne  programe 
poucavanja  uz  neizostavnu  ulogu  roditelja  sve  djece  i aktivno  sud- 
jelovanje  suucenika  u skoli  radi  promicanja  prava  na  kurikul(um) 
usmjeren  na  ucenika  (Garner  i Dietz,  1996).  U hrvatskim  se 
skolama  posljednjih  tridesetak  godina  na  razlicite  nacine  izraduju  i 
primjenjuju  prilagodeni  program!  i individualizirani  postupci.  “Pri- 
lagodeni  program”  je  program  primjeren  osnovnim  karakteristikama 
teskoce  u razvoju  djeteta,  a u pravilu  podrazumijeva  smanjivanje 
intenziteta  i ekstenziteta  pri  odabiru  nastavnih  sadrzaja  obogacenih 
specificnim  metodama,  sredstvima  i pomagalima.  Prilagodeni  program 
izraduje  ucitelj  u suradnji  s defektologom  odgovarajuce  specijalnosti 
s trajnim  ili  povremenim  ukljucivanjem  u rehabilitacijske  programe 
specijaliziranih  organizacija  (Pravilnik  o osnovnoskolskom  odgoju  i 
obrazovanju  ucenika  s teskocama  u razvoju,  NN,  23/1991). 

Svaka  prilagodba  koja  sluzi  svojoj  svrsi,  a to  je  da  ucenik  ili 
ucenica  s teskocama  u inkluzivnom  odjelu  sa  svojim  vrsnjacima  ima 
priliku  i mogucnost  kroz  individualni  pristup  razviti  svoje  vjestine  i 
znanja  i osposobiti  se  za  sljedeci  stupanj  skolovanja  ili  zaposlenje,  jest 
dobra  prilagodba.  U ovom  radu  bid  ce  opisano  devet  nacina  prilagodbi 
(Deschenes,  Ebeling  i Sprague,  1994).  Objasnit  cemo  na  sto  se  svaka 
pojedina  prilagodba  odnosi,  a zatim  navesti  primjere  za  svaku  vrstu 
prilagodbe  koja  se  moze  provesti  u matematici. 

Planiranje  u odgojno  obrazovnom  sustavu  nije  doseglo  zadovol- 
javajucu  razinu  te  su  potrebne  promjene  u planiranju  rada  za  djecu  s 
posebnim  obrazovnim  potrebama. 

Kljucne  rijeci:  devet  nacina  prilagodbe,  matematika,  ucenici  s 
teskocama 
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Uvod 

Edukacijsko  ukljucivanje  djece  s teskocama  u redovni  sustav  odgoja  i obrazo- 
vanja  predstavlja  vazan  indikator  kvalitete  zivota  ove  skupine  djece  (Igric,  Kobetic, 
Lisak,  2008;  prema  Krampac-Grljusic,  Lisak,  Zic  Ralic,  2010).  Prethodna  is- 
trazivanja  ukazala  su  kako  je  za  sustavnu  podrsku  potrebna  aktivna  uloga  ucitelja, 
pozitivni  stavovi  prema  integraciji  (Kis-Glavas,  2000;  prema  Krampac-Grljusic, 
Lisak,  Zic  Ralic,  2010),  strucno  usavrsavanje  ucitelja  (Stancic,  Kis-Glavas,  Igric, 
2001;  prema  Krampac-Grljusic,  Lisak,  Zic  Ralic,  2010)  te  njegova  dobra  surad- 
nja  sa  strucnim  suradnikom,  roditeljima  i samim  djetetom  (Hirsto,  2010;  prema 
Krampac-Grljusic,  Lisak,  Zic  Ralic,  2010). 

Danasnje  vlade  preuzimaju  odgovomost  za  obrazovanje  sve  djece.  Posebna 
pozornost  usmjerena  je  na  sposobnosti  i potrebe  djece  kroz  individualizirane  pris- 
tupe,  prilagodene  ili  posebne  programe  poucavanja  uz  neizostavnu  ulogu  roditelja 
sve  djece  i aktivno  sudjelovanje  suucenika  u skoli  radi  promicanja  prava  na 
kurikul(um)*  usmjeren  na  ucenika  (Gamer  i Dietz,  1996).  Hrvatski  nacionalni 
obrazovni  standard  (Ministarstvo  znanosti,  obrazovanja  i sporta,  2006)  naglasava 
zajednicku  aktivnost  i odgovomost  svih  sudionika  odgojno-obrazovnog  procesa, 
roditelja,  izvanskolskih  institucija  i cijele  lokalne  zajednice.  Preporucuje  izradu 
individualiziranog  odgojno  - obrazovnog  programa. 


Prilagodeni  programi  i individualizirani  postupci 

U hrvatskim  sc  skolama  posljednjih  tridesetak  godina  na  razlicite  nacine 
izraduju  i primjenjuju  prilagodeni  programi  i individualizirani  postupci.  “Pri- 
lagodeni program”  je  program  primjeren  osnovnim  karakteristikama  teskoce  u 
razvoju  djeteta,  a u pravilu  podrazumijeva  smanjivanje  intenziteta  i ekstenziteta  pri 
odabiru  nastavnih  sadrzaja  obogacenih  specificnim  metodama,  sredstvima  i poma- 
galima.  Prilagodeni  program  izraduje  ucitelj  u suradnji  sa  strucnjakom  edukaci- 
jsko rehabilitacijskog  profda  odgovarajuce  specijalnosti  s trajnim  ili  povremenim 
ukljucivanjem  u rehabilitacijske  programe  specijaliziranih  organizacija  (Pravilnik 

0 osnovnoskolskom  odgoju  i obrazovanju  ucenika  s teskocama  u razvoju,  NN, 
23/1991). 

Individualizirani  odgojno  - obrazovni  program  izraduje  se  za  svakog  pojedinog 
ucenika  koji  ima  Rjesenje  Ureda  drzavne  uprave  temeljem  Odluke  Uciteljskog 
vijeca  skole.  Mjerilo  za  odredivanje  primjerenog  modela  skolovanja,  oblika  i 
razine  podrske  jest  vrsta  i stupanj  teskoca.  Individualne  posebnosti  svakog  djeteta 

1 prepreke  koje  proizlaze  iz  okoline  se  zanemaruju.  Metode,  sredstva  i primjeren 
program  skolovanja  planira  se  temeljem  utvrdene  vrste  i stupnja  teskoca  (Krampac- 
Grljusic,  Mihanovic,  2010). 

* Kurikul(um)  znaci  organizirani  aranzman  procesa  ucenja  i sadrzaja  obzirom  na  odredene  svrhe 
i ciljeve  (Knoll,  1989;  prema  Pastuovic,  1999).  Kurikulum  je  razvojni  odgojno-obrazovni  ciklus 
koji  ima  svoje  zakonitosti  i odreduje  konkrene  nastavne  aktivnosti  odgovarajuci  na  pitanja:  Sto,  S 
kime,  S cime,  Kako,  U kojem  vremenu,  Koliko  efektivno,  Koliko  efikasno  za  za  djecu. 
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Individualizirani  odgojno  - obrazovni  program  nije  i ne  moze  bid  isti  za 
sve  ucenike.  Za  svakog  pojedinog  ucenika  izraduje  se  program  razlicite  razine 
ovisno  o prethodnim  znanjima,  vjestinama  i sposobnostima  ucenika.  Izraduje  se 
za  sve  ili  odredene  nastavne  predmete  temeljem  Rjesenja  Ureda  drzavne  uprave. 
Treba  sadrzavati  sve  vazne  podatke:  ciljeve,  sadrzaje,  metode,  vrijeme,  sudionike, 
suodnose  i vrjednovanje.  U njegovoj  izradi  trebaju  sudjelovati  svi  sudionici  odgo- 
jno - obrazovnog  procesa  koji  su  zaduzeni  za  njegovu  provedbu,  dakle  ucitelji 
koji  predaju  pojedinom  uceniku  za  kojega  se  izraduje  program  i strucni  suradnici. 
Ucitelji  i strucni  suradnici  trebaju  pri  izradi  programa  krenuti  od  svojih  jakih  strana: 
pedagog,  strucnjak  edukacijsko  -rehabilitacijskog  profda  ili  psiholog  imaju  mnogo 
vise  znanja  o samoj  prirodi  ucenikove  teskoce,  dok  su  ucitelji  strucnjaci  za  ciljeve, 
metode  i oblike  rada.  Oni  bolje  poznaju  razredno  ozracje,  ali  i nacine  na  koje 
odredeni  ucenik  reagira  na  postavljene  zadatke.  Upravo  je  iz  tih  razloga  suradnja 
ucitelja  i strucnih  suradnika  nuzna  za  izradu  kvalitetnog  i realnog  individualnog 
ucenickog  programa. 

Postoje  razliciti  pristupi  u izradi  individualnog  ucenickog  programa.  Tradi- 
cionalni,  tzv.  model  deficita  kojeg  napustaju  sve  zemlje  u kojima  se  uvidjela 
vaznost  razvoja  obrazovanja  za  djecu  s teskocama  temelji  se  na  onome  sto  ucenik 
ne  zna,  ne  moze  i nije  u stanju  uciniti.  U takvim  cemo  programima  naici  na  izraze 
poput  “Ne  zna  dijeliti  troznamenkaste  brojeve”,  “Ne  cita  na  razini  svoga  razreda”  i 
slicno.  Pri  uporabi  takvog  deficitarnog  modela  tesko  je  razviti  konkretne  i dostizne 
ciljeve.  Ovakve  je  tvrdnje  tesko  pretvoriti  u ciljeve  jer  su  vrlo  opcenite  i ne  govore 
mnogo  o trenutacnom  postojanju  ili  nepostojanju  odredenih  sposobnosti  i vjestina. 
One  se  temelje  na  slabim  stranama  djeteta,  sto  se  nikako  ne  preporucuje  pri  izradi 
individualiziranog  odgojno  - obrazovnog  programa. 

Suvremeniji  pristup  izradi  individualiziranog  odgojno  - obrazovnog  programa 
je  tzv.  individualizirani  model.  On  se  temelji  na  djetetovim  jakim  stranama,  in- 
teresima  i potrebama.  Obrasci  kojima  se  ucitelji  sluze  za  izradu  programa  razlikuju 
se  od  zemlje  do  zemlje,  pa  cak  i od  skole  do  skole,  no  ono  sto  je  svim  kvalitetnim 
programima  zajednicko  jest  stavljanje  naglaska  na  sposobnosti  i mogucnosti  djeteta. 
Uvijek  trebamo  imati  na  pameti  da  je  covjek  biopsihosocijalna  struktura  i da  nje- 
govo  postojanje,  kvaliteta  zivota  i kvaliteta  ucenja  ne  smiju  biti  odredeni  njegovim 
nedostatcima,  vec  upravo  suprotno  - njegovim  jakim  stranama  (Krampac-Grijusic, 
Marinic,  2007). 

Individualizirani  odgojno-obrazovni  programa  ucitelji  mogu  izraditi  u suradnji 
sa  strucnim  suradnikom  i/ili  timski  u suradnji  s drugim  uciteljima.  Plan  se  izraduje 
u cetiri  koraka^ : 

1 ) Razvoj  djetetova  profila; 

2)  Razvoj  ciljeva  i zadataka; 

3)  Identifikacija modela  prilagodbe,  potrebne potpore  i pomoci  strucno-razvojne 
sluzbe; 

4)  Osiguravanje  potpore  i pracenje  ciljeva  i zadataka. 

^ U sklopu  OECD-ovog  projekta  “Razvoj  obrazovanja  za  djecu  s teskocama  i djecu  u riziku”  od 
2003.  do  2007.  voditeljica  edukacija  za  ucitelje  i ravnatelje  model  skola  Darlene  Prener  sa  Sveucilista 
u Bloomsbergu  predlaze  uvodenje  ovog  Individualiziranog  odgojno  - obrazovnog  programa. 
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Identifikacija  modela  prilagodbe,  te  potrebne  potpore  i pomoci 

Kada  smo  odredili  ciljeve  i zadatke  za  ucenika  ili  ucenicu  s teskocama,  bit  ce 
potrebno  uvesti  odredene  postupke  prilagodavanja  kako  bi  uceniku  ili  ucenici  kroz 
osmisljene  zadatke  osigurali  usvajanje  znanja  i vjestina  koje  ce  dovesti  do  zeljenih 
ciljeva.  S obzirom  na  to  da  se  dijete  s teskocama  nalazi  u razredu  s vrsnjacima 
razlicitih  mogucnosti,  pred  ucitelja  je  stavljena  nimalo  laka  zadaca.  Prilagodavan- 
jem  ucitelj  osigurava  uceniku  razumijevanje  i usvajanje  sadrzaja,  mogucnost  da 
se  osjeca  ravnopravnim  dijelom  razreda,  a ujedno  olaksava  i sebi  rad  u razredu  s 
ucenicima  razlicitih  mogucnosti. 

Pri  odabiru  postupaka  prilagodavanja  vracamo  se  na  sam  pocetak  plani- 
ranja,  proucavamo  interese,  jake  strane  i dosadasnja  iskustva  ucenika/ucenice 
s teskocama  kako  bi  dijete  sto  jednostavniji  i njemu  prihvatljiv  nacin  usvojilo 
potrebna  znanja  i vjestine. 


Devet  nacina  prilagodbi  u matematici 

Opcenito  govoreci  u radu  s ucenicima  razlicitih  mogucnosti  moguce  je  pri- 
lagoditi  same  nastavne  sadrzaje,  ciljeve  i zadatke,  ali  i vrijeme  usvajanja  ili  rada  na 
zadatku,  kolicinu  pojmova,  strategije  i metode  poucavanja  i si. 

Svaka  prilagodba  koja  sluzi  svojoj  svrsi,  a to  je  da  ucenik  ili  ucenica  s 
teskocama  u inkluzivnom  odjelu  sa  svojim  vrsnjacima  ima  priliku  i mogucnost 
kroz  individualni  pristup  razviti  svoje  vjestine  i znanja  i osposobiti  se  za  sljedeci 
stupanj  skolovanja  ili  zaposlenje,  jest  dobra  prilagodba.  U nastavku  ce  biti  opisano 
devet  nacina  prilagodbi  (Deschenes,  Ebeling  i Sprague,  1994)  koje  mozemo  koris- 
titi  pri  prilagodbi  nastavnih  tema/jedinica  u nastavnom  predmetu  matematike. 

Prilagodba  kolicine 

a)  Smanjiti  kolicinu  (broj  zadataka)  koje  ucenik  mora  izvrsiti  i razvijati  osnove 
matematicke  pismenosti  tezeci  uvjezbavanju  prve  skupine  matematickih 
kompetencija:  reprodukcije,  defmicije  i racunanje  prema  mogucnostima 
djeteta. 

b)  Ucenik  sudjeluje  u skupnom  radu  ili  projektu,  izradujuci  samo  neke  za- 
datke (npr.  baca  kockice  i zadaje  ostalim  ucenicima  zadatke  ili  pri  mjerenju 
opsega  igralista  drzi  metar  za  mjerenje  i oznacava  polje). 

c)  Smanjiti  broj  zadataka  za  domacu  zadacu. 

d)  Smanjiti  broj  zadataka  u matematickom  diktatu  i pri  pisanim  provjerama. 

Prilagodba  vremena 

a)  Produljiti  vrijeme  za  izvrsavanje  zadatka. 

b)  Pri  ucenju  novih  nastavih  jedinica  produljiti  vrijeme  za  ucenje  (prvo  usvojiti 
zbrajanje  brojeva  do  100  bez  prijelaza  u drugu  deseticu,  a zatim  s prijelazom 
u drugu  deseticu) 

c)  Dati  uceniku  vise  vremena  za  realizaciju  nekih  projekata  ili  skupnog  rada. 
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Stupanj  pomoci 

a)  Pomoc  uciteljice  - dok  drugi  ucenici  ponavljaju  i vjezbaju,  uciteljica  prati 
ucenikov  radi  i po  potrebi  pomaze. 

b)  Pomoc  vrsnjaka  - ucenik  iz  klupe  cita  tekstualni  zadatak  svom  prijatelju  iz 
klupe  ili  kad  je  gotov  sa  svojim  zadatkom  pomaze  i usmjerava  svog  prijatelja 
iz  klupe.  Osigurati  pomoc  vrsnjaka  u radu  kod  kuce  (vjezba). 

c)  Pomoc  asistenta  u nastavi  - pomaze  djetetu  u radu  na  satu  i na  dopunskoj 
nastavi 

d)  Pomoc  starijeg  djeteta  i roditelja  - prema  naputcima  uciteljice  pomaze 
djetetu  pri  ponavljanju  i utvrdivanju  te  vjezbanju  gradiva. 

e)  Pomoc  strucne  sluzbe  (pedagoga,  strucnjak  edukacijsko-rehabilitacijskog 
profda,  psihologa  i logopeda)  koji  s djetetom  rade  individualno  na  rjesavanju 
teskoca. 

f)  Pomoc  racunalnih  programa  - koji  kroz  edukativnu  igru  pomazu  u kontroli 
tocnosti  rjesenja  pri  vjezbanju. 

Prezentacija  nastavnih  sadrzaja 

a)  Citati  tekstualne  zadatke  naglas; 

b)  Uz  usmene  upute  dati  i pismene  upute  (u  zadatcima  rijecima  dozvoliti  bo- 
janje  ili  podvlacenje  bitnih  i slicnih  dijelova  zadatka); 

c)  Prezentacija  na  racunalu  ( konstrukcija  usporednih  i okomitih  pravaca); 

d)  Prakticne  aktivnosti  (ucenik  sastavlja  geometrijske  likove  izrezane  od  kolaz, 
mjeri  masu  nekog  tijela  dok  drugi  pretvaraju  mjerne  jedinice,  kombinira 
novcanice  kojima  moze  platiti  neki  predmet); 

e)  Vizualno  oznacavanje  bitnih  dijelova,  bojanje,  isticanje,  uvecavanje  dijelova 
zadatka. 


Tezina 

a)  Zadatke  rijecima  zadati  kao  problem  iz  stvarnog  zivota  (trgovina,  poplocavanje 
kupatila,  police  s knjigama) ; 

b)  Podijeliti  zadatak  na  korake  npr.  razlici  brojeva  629  i 358  dodaj  broj  154. 
Prvi  korak:  Izracunaj  razliku  brojeva  629  i 358 


Drugi  korak:  Razlici  brojeva  (gore  dobiveni  rezultat)  dodaj  broj  154. 


c)  Pri  racunanju  dozvoliti  upotrebu  didaktickih  materijala  (olovke,  kuglice, 
klikeri,  kockice); 

d)  Prilagoditi  zadatak:  dok  drugi  racunaju  opseg  trokuta  uvrstavanjem  u for- 
mula, ucenik  vrpcom  mjeri  opseg  trokuta  oblikovanog  na  ploci  od  pluta  i 
zapisuje  rezultat.  Ne  racuna  povrsinu  kvadrata  i pravokutnika,  vec  crta  u 
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racunalnom  programu  koji  sam  racuna  povrsinu.  Dok  drugi  ucenici  rastavl- 
jaju  brojeve  na  D i J,  ucenik  broji  loptice  u boji  i slaze  ih  po  D i J. 

e)  Prilagoditi  metode:  pisano  oduzimanje  brojeva  do  1000  racunati  nadopunja- 
vanjem  umanjitelja  do  umanjenika.  Crtati  usporedne  i okomite  pravce  u ge- 
ometrijskom  programu  umjesto  rukom.  Uporaba  kalkulatora  pri  rjesavanju 
slozenijih  zadataka.  Dozvoliti  pomocne  radnje,  npr.  crtanje  kruzica  pri 
pisanom  dijeljenju  ako  ucenik  nije  svladao  tablicu  mnozenja. 

Iskazivanje  znanja 

a)  usmeno  odgovaranje  umjesto  pisane  provjere; 

b)  provjeravanje  po  koracima  kako  je  dijete  ucilo; 

c)  Kratki  diktati  - sporijim  tempom,  veci  broj  ponavljanja; 

d)  Konstrukcije  u racunalnim  programima; 

e)  Dijete  smije  koristiti  slike  i didakticke  materijale,  kartoncic  s pretvorenim 
mjemim  jedinicama  (m,  dm,  cm,  mm); 

f)  Pri  slozenijem  zadatku  neki  su  koraci  vec  napravljeni  (u  zadatku  rijecima 
zadatak  je  vec  postavljen,  ucenik  treba  samo  izracunati); 

g)  Dozvoliti  ponovno  pisanje  provjere  s tipovima  zadataka  koje  nije  tocno 
rijesio. 

Stupanj  sudjelovanja 

a)  Brisanje  ploce; 

b)  Dijeljenje  pisanih  radova  drugim  ucenicima; 

c)  Asistencija  ucitelju  pri  power  point  prezentaciji  (klik  misem); 

d)  Zadavanje  zadataka  drugim  ucenicima  (igra  dremuckanje); 

e)  Sudjelovanje  u kvizu  znanja  s prilagodenim  zadatcima  pri  ponavljanju  nas- 
tavne  cjeline; 

f)  Sudjelovanje  u skupnom  projektu  s laksim  zadatkom; 

g)  Aktivno  ukljucivanje  u rad  (zadatci  na  ploci,  sudjelovanje  u dijelu  skupnog 
projekta). 

Zamjenski  cilj 

a)  Igra  igru  “Covjece  ne  ljuti  se”  (broji)  sa  skupinom  ucenika,  dok  drugi 
vjezbaju; 

b)  Mjeri  zadane  duljine  duzina  u cm  dok  drugi  racunaju  u svim  mjernim  je- 
dinicama; 

c)  Mjeri  volumen  nepravilnog  tijela  uz  pomoc  menzure  dok  drugi  izrazavaju 
volumen  u razlicitim  mjernim  jedinicama; 

d)  Dok  drugi  uce  konstmkciju  pravokutnog  trokuta,  ucenik  na  racunalu  slaze 
likove  od  gotovih  konstrukcija; 

e)  Zapisuje  zadatke  (sastavlja)  mnozenja  gledajuci  slike  i zapisuje  rezultate 
dok  drugi  vjezbaju  tablicu  mnozenja. 
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Zamjenski  kurikulum 

a)  Dok  djeca  uce  zbrajati  brojeve  do  1000,  ucenik  sa  slusalicama  slusa  zadatke 
tablice  mnozenja,  a zatim  ih  rjesava  u biljeznicu; 

b)  Ucenik  odlazi  kod  clanova  strucne  sluzbe  na  vjezbe; 

c)  Ucenik  na  racunalu  u razredu  igra  didakticke  igrice; 

d)  U nekim  slucajevima  zamjenski  kurikulum  nije  potreban. 

Zakijucak 

Individualni  ucenicki  plan  koji  pociva  na  individualiziranom  pristupu  samo 
je  jedan  od  nacina  planiranja  za  djecu  s teskocama.  Isti  bi  mogao  posluziti  kao 
pozitivni  model!  prema  kojima  bi  se  postojeci  Nastavni  planovi  i program!  odgoja 
i osnovnog  skolovanja  za  ucenike  s teskocama  u razvoju  (Ministarstvo  prosvjete  i 
sporta  Republike  Hrvatske,  1996)  mijenjali  i prilagodavali  u skladu  s Konvencijom 

0 pravima  djeteta  (Ujedinjeni  narodi,  1992.)  i Konvencijom  o pravima  osoba  s 
invaliditetom  (Ujedinjeni  narodi,  2006.).  Planiranje  u kojemu  je  dijete  s teskocama 
u sredistu  pozornosti,  a njegove  jake  strane  su  polaziste  i temelj  njegovom  napre- 
dovanju  uz  ukljucivanje  svih  dionika  vaznih  za  djetetov  zivot,  pridonijet  ce  pon- 
ajprije  kvalitetnom  provodenju  inkluzije  u skolskom  sustavu,  a zatim  i rusenju 
predrasuda  koje  okolina  ima  prema  djeci  s teskocama.  U zelji  za  ostvarivanjem 
obrazovnih  ciljeva  zaboravljamo  ono  najvaznije:  tko  je  dijete  za  koje  izradujemo 
plan,  tko  su  vazne  osobe  u njegovom  zivotu.  Na  kraju  postavlja  se  i najkljucnije 
pitanje:  je  li  dijete  za  koje  planiramo  sretno  i ostvaruje  li  ciljeve  i napredak  bez 
prisile  kroz  kvalitetne  prilagodbe  koje  smo  predvidjeli  planiranjem. 

Svako  dijete  ima  drukcije  potrebe.  Odgovoriti  na  potrebe  sve  djece  ne 
znaci  odgovoriti  na  potrebe  pojedinog  djeteta.  Potrebno  je  postovati  razlicitosti 

1 raznovrsna  iskustva  djece  (Krampac-Grijusic,  Mihanovic,  2010.) 
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Sazetak.  Metodika  pocetne  nastave  matematike  je  znanstvena 
disciplina  koja  proucava  matematicko  odgajanje  i obrazovanje  u prva 
cetiri  razreda  osnovne  skole  i u njoj  ucenici  stjecu  pocetnu  matematicku 
pismenost.  Obiljezavaju je  nastavni  sadrzaji  visoke  apstrakcije  i ucenici 
je  najcesce  ne  mogu  iskustveno  spoznati.  Dijete  u ovoj  dobi  moze 
logicki  misliti,  ali  same  ako  je  misao  utemeljena  na  radnjama  s 
konkretnim  objektima.  Stoga  se  u nasim  skolama  pronalaze  nacini 
smisljenog  i ucinkovitog  sjedinjavanja  ucenja  i matematicke  igre  jer 
igra  ucenike  privlaci,  motivira,  te  razvija  njihovo  apstraktno  misljenje 
i logicko  zakljucivanje.  Uceci  matematiku  kroz  igru,  dijete  stjece 
znanja  i sposobnosti  o matematickom  sadrzaju,  a pritom  se  zabavlja. 
U didaktickim  matematickim  igrama  sjedinjava  se  vise  operaeija  iz 
vise  podrueja,  ali  prednost  treba  dati  misaonim  operaeijama  tako  da 
u igri  dode  do  izrazaja  ucenicka  dosjetljivost,  ostroumnost,  kombi- 
natorika  i kreativnost.  Sadrzaj  igre  izvodi  se  iz  nastavnog  programa 
matematike,  pa  mozemo  zakljuciti  da  je  njen  ucinak  pokazatelj  us- 
pjesnosti  ostvarenja  tog  istog  nastavnog  programa  u pocetnoj  nastavi 
matematike.  U osmisljavanju  i provodenju  didakticke  igre  u nastavi 
matematike  znacajna  je  uloga  ucitelja,  pri  cemu  do  izrazaja  dolazi 
njegova  kreativnost,  sustavnost  i inovativnost. 

U radu  su  prikazane  didakticke  igre  koje  se  najcesce  koriste  u 
nastavi  matematike,  te  stavovi  ucitelja  razredne  nastave  o primjeni 
didakticke  igre  u nastavi  matematike. 

Kljucne  rijeci:  pocetna  nastava  matematike,  uloga  didakticke  igre, 
ucitelj  razredne  nastave 


Uloga  didakticke  igre  u pocetnoj  nastavi  matematike 

Metodika  pocetne  nastave  matematike  je  disciplina  koja  proucava  matematicko 
obrazovanje  i odgajanje  u prva  cetiri  razreda  osnovne  skole  i posjeduje  obiljezja  po 
kojima  se  razlikuje  od  iducih  stupnjeva  matematickog  skolovanja.  Nastavni  sadrzaji 
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se  u pocetnoj  nastavi  matematike  usvajaju  planirano  i organizirano  te  cesto  bez 
neposrednog  dodira  sa  stvarnoscu,  ali,  premda  dijete  u ovoj  dobi  moze  logicki  mis- 
liti,  ta  misao  ipak  treba  bid  utemeljena  na  aktivnostima  s konkretnim  objektima.  U 
pocetnoj  nastavi  matematike  obrazovna  postignuca  odnose  se  na  procese  uocavanja, 
prepoznavanja,  pocetnog  razumijevanja,  razlikovanja  i imenovanja  temeljnih  poj- 
mova  koji  ulaze  u sadrzaj  predmeta  matematike  i na  kojima  ce  se  temeljiti  nastava 
matematike  na  visim  razinama.  Nastava  matematike  je  uglavnom  usmjerena  na 
sposobnosti  operiranja  i pritom  se  zanemaruju  “krucijalne  sposobnosti  kao  apstrak- 
tno  misljenje,  logicko  zakljucivanje,  rjesavanje  problemskih  zadataka,  sposobnost 
interpretacijegrafickihprikaza”  (Duranovic,  Klasnic,  2009.).  Uceci  matematiku  na 
konkretnim  predmetima  i rjesavajuci  stvarne  probleme  ucenici  ce  usvojiti  znanja  i 
vjestine  koje  omogucavaju  uspjesnu  primjenu  matematike  u svakodnevnom  zivotu, 
pa  ce  time  uvidjeti  vaznost  matematike  u svojim  zivotima.  Upravo  se  matematicka 
kompetencija  (NOK,  2010.)  odnosi  na  osposobljenost  ucenika  na razvijanje  i prim- 
jenu matematickog  misljenja  u rjesavanju  problema  u nizu  svakodnevnih  situacija, 
te  ce  tako  postati  aktivni  sudionici  u procesu  ucenja  i pripremljeni  za  cjelozivotno 
ucenje.  Nadamo  se  da  ce  se  u hrvatskoj  suvremenoj  skoli  voditi  briga  o razvijanju 
matematickih  kompetencija  jer  istrazivanje  provedeno  2008.  godine  (Baranovic  i 
sur.,  2008.)  pokazalo  je  da  se  u nastavi  matematike  najveci  naglasak  stavlja  na 
rjesavanje  matematickih  zadataka  i razvoj  logickog  nacina  razmisljanja,  a manje 
na  uporabu  matematike  u svakodnevnom  zivotu  i razvoj  kritickog  promisljanja  o 
matematickim  konceptima  i postupcima. 

Prema  postavkama  Glasserove  Kvalitetne  skole,  uspjesan  rad  u skoli  je  onaj 
koji  zadovoljava  cetiri  osnovne  ljudske  potrebe  - znanje,  moc,  ljubav  i zabavu 
(Glasser,  2005.).  Upravo  je  zabava  ucenicima  ugodna,  radosna  i privlacna,  a u 
nastavi  nam  je  lako  ostvariva  kroz  igru  jer  stvara  pozitivan  emocionalni  dozivljaj. 
Marzollo  i Lloyd  (1972.,  prema  Sharma,  2001.,  124.  str.)  smatraju  da  ucenik  u igri 
uci  “koncentrirati  paznju,  vjezba  vizualizaciju,  iskusava  ideje,  prakticira  odraslo 
ponasanje  i razvija  osjecaj  kontrole  nad  vlastitim  svijetom”.  Svaka  igra  kao  zabavna 
djelatnost  ima  svoj  sadrzaj  i po  njemu  najcesce  dobiva  naziv.  Buduci  da  se  u nastavi 
uglavnom  proucava  realitet,  didakticke  igre  se  mogu  podijeliti  po  nastavnim  pred- 
metima tako  da  razlikujemo  jezicne,  glazbene,  tehnicke,  povijesne,  zemljopisne  i 
matematicke  igre.  Matematicke  igre  poticu  matematicko  razmisljanje  i mentalnu 
aktivnost.  “lako  matematika  nije  igra,  mnoge  igre  imaju  veze  s matematikom,  a 
i mnogo  matematickih  tema  moze  se  opisati  i objasniti  na  zabavan  nacin,  cesto  i 
kroz  igru”  (Bruckler,  2010.,  57.  str). 

Prema  podrucjima  aktivnosti  - senzornim,  manualnim,  izrazajnim  ili  misaonim 
moze  se  sloziti  igra.  Prema  Jurasic  (2010.),  neke  matematicke  igre  poticu  razvoj 
logicko-matematicke  inteligencije  (brojevi),  a neke  razvoj  vizualno-spacijalne  in- 
teligencije  (geometrija).  U didaktickoj  igri  sjedinjava  se  vise  operacija  iz  vise 
podrucja,  ali  prednost  treba  dati  misaonim  operacijama  tako  da  u igri  dode  do 
izrazaja  ucenikova  dosjetljivost,  ostroumnost,  kombintorika  i kreativnost.  Ucenik 
“u  igri  stvara  modele  koje  razumije  i voli  i koje  kasnije  moze  efikasno  upotrijebiti 
za  razumijevanje  apstraktnih  matematickih  ideja”  (Sharma,  2001.,  124.  str.).  Up- 
ravo u tome  je  posebnost  didaktickog  znacenja  igre.  S obzirom  da  se  didakticka 
igra  izvodi  iz  nastavnog  sadrzaja  stoga  se  njezin  zadatak  i cilj  podreduju  ciljevima 
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i zadatcima  konkretnog  nastavnog  programa  - stjecanju  odredenih  znanja  i razvi- 
janju  odredenih  sposobnosti.  Neki  didakticari  savjetuju  da  se  igra  ugraduje  u teze 
dijelove  nastavnog  proeesa.  U kojem  dijelu  nastavnog  procesa  ce  ucitelj  primijeniti 
igru  ovisi  o proeijeni  samog  ucitelja,  te  njegovoj  kreativnosti,  sustavnosti  i inova- 
tivnosti.  Prije  prijelaza  na  samu  igru  ucitelj  odgovarajucim  metodickim  postupcima 
upoznaje  ucenike  sa  sadrzajem  igre,  objasnjava  njene  zadatke,  imenuje  i opisuje 
upotrijebljena  pomagala,  demonstrira  izvodenje  igre  u cjelini  i u pojedinostima, 
obrazlaze  pravilnost  pojedinih  postupaka  te  upozorava  na  pravila  igre.  Didakticke 
igre  ce  svojom  zanimljivoscu  i natjecanjem  motivirati  ucenike  da  verbaliziraju 
ideje,  smisljaju  odgovarajuca  rjesenja  i strategije  u igri  tako  da  na  taj  nacin  provode 
puno  vise  vremena  (’svojom  voljom’)  druzeci  se  s matematikom  i matematickim 
pojmovima. 

Svaka  igra,  pa  tako  i didakticka,  izvodi  se  po  unaprijed  utvrdenim  pravilima. 
Tako  se  ureduje  i prilagodava  odnos  prema  predmetu  igre  i drugim  suigracima,  te 
korektnost,  tolerantnost,  postenje,  pravednost.  Postivanje  pravila  igre  stoga  pri- 
donosi  kvalitetnoj  socijalizaciji  u komunikaciji.  Ucenici  moraju  “kombinirati  i 
umno  se  naprezati  kako  bi  igru  odigrali  do  kraja,  moraju  se  znati  svladati,  moraju 
nauciti  pobijediti  u igri,  ali  i gubiti”  (Durovic  i Durovic,  1984.,  25.  str.). 

Konacan  ucinak  didakticke  igre  je  steceno  znanje  i sposobnost  o sadrzaju  igre 
s popratnim  priznanjem,  pohvalom,  pa  i visokom  ocjenom  najboljima.  Kako  je 
sadrzaj  igre  izveden  iz  nastavnog  programa  to  je  i njen  ucinak  pokazatelj  uspjesnosti 
realizacije  nastavnog  programa. 


Uloga  ucitelja 

Primjena  igre  je  veliki  izazov  i zahtjev  za  ucenika  i ucitelja.  Od  ucenika  se 
ocekuje  pazljivost  i strpljivost,  pamcenje  pravila  igre  i rjesavanje  problema.  Velika 
je  i uloga  ucitelja  pri  uporabi  igre  jer  didakticka  igra  treba  imati  svoje  opravdanje  u 
nastavnom  procesu  - za  uvjezbavanje  i primjenu  obradenih  matematickih  sadrzaja 
te  automatizaciju  odredenih  matematickih  operacija.  Didakticka  igra  se  ne  uvodi  u 
pocetnu  nastavu  matematike  zbog  igranja,  vec  radi  uspjesnijeg,  trajnijeg  ali  i lakseg 
ucenja.  Medutim,  prema  Sharma  (2001.),  vecina  ucitelja  uvodi  igru  u nastavu  samo 
kao  dodatnu  aktivnost  koja  sluzi  vecem  motiviranju  i opustanju  ucenika.  Osim  sto 
treba  isplanirati  igru  i znati  u kojem  trenutku  ce  je  i s kojim  ciljem  primijeniti, 
ucitelj  treba  pripremiti  potreban  materijal  i dobro  isplanirati  vrijeme  trajanja  igre. 

Uporabom  igre  u nastavi  matematike,  ucitelj  omogucava  ucenicima  odmor 
od  rjesavanja  zadataka  kroz  kinesteticko-matematicku  aktivnost.  Igre  su  cesto 
natjecateljske,  sto  dodatno  osvjezava  nastavni  sat  i motivira  ucenike  na  logicko 
razmisljanje  i brzo  zakljucivanje.  Planirajuci  i pripremajuci  didakticke  igre  za  nas- 
tavu matematike  ucitelj  treba  ucenicima  prilagoditi  nastavne  metode,  oblike  rada 
i nastavna  sredstva  koja  ce  ih  potaknuti  na  stvaralacki  i suradnicki  rad.  Rezultati 
provedenih  istrazivanja  (Arambasic  i sur.,  2005.)  pokazali  su  da  se  uciteljima  treba 
osigurati  podrska  kako  bi  se  kod  njih  razvili  pozitivni  stavovi  i uvjerenja  o matem- 
atici  i trebalo  bi  ih  uputiti  na  odabir  metoda  poucavanja  koje  su  naprimjerenije 
njihovim  ucenicima. 
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Prema  Sharma  (2001.),  sve  vrste  didaktickih  igara  mozemo  podijeliti  na  tri 
velike  kategorije:  manipulativne,  reprezentativne  i strukturirane  igre  s pravilima. 
U manipulativnoj  igri  dijete  razvija  logicko-matematicka  iskustva  koja  postaju 
temeljem  smislenog  ucenja  i intenziviraju  njegov  kognitivni  rast.  U reprezen- 
tativnoj  igri  ucenik  uvodi  mastu  koja  je  vazna  komponenta  razvijanja  apstrak- 
tnog  misljenja  u starijoj  dobi  jer  “osmisljavanje  igara,  slaganje  modela,  taktilno  i 
vizualno  dozivljavanje  stvorit  ce  neophodno  polaziste  za  prijelaz  k apstraktnome” 
(Duranovic,  Klasnic,  2009.).  U strukturiranim  igrama  ucenik  “uci  slijediti  upute  u 
nizu,  neposredno  razvija  matematicke  vjestine,  matematicko  i prostorno  misljenje, 
ucvrscuje  naucene  matematicke  koncepte,  postupke  i cinjenice”  (Sharma,  2001., 
124.  str.). 

Pri  konstruiranju  kvalitetne  didakticke  igre  ucitelj  se  koristi  dostupnom  lit- 
eraturom,  razlicitim  medijima  (za  pripremu  i izvodenje  igre),  informacijskim 
centrima,  ali  ipak  najvise  pokazuje  (uz  metodicko  i didakticko  znanje)  svoju  dos- 
jetljivost,  kreativnost  i iskustvo. 


Misljenja  uciteija  o primjeni  didakticke  igre  u nastavi  matematike 

U istrazivanju  provedenom  u studenom  2010.  godine  na  strucnom  skupu  Zup- 
anijskog  strucnog  vijeca  grada  Siska  sudjelovala  su  94  uciteija  razredne  nastave. 
Prema  strucnoj  spremi,  vecina  anketiranih  uciteija  ima  visoku  strucnu  spremu  (56 
uciteija  - 60%). 

Na  Slid  1 vidljivo  je  da  svi  anketirani  ucitelji  primjenjuju  igru  u nastavi 
matematike,  pri  cemu  je  70  udtelja  (74%)  primjenjuje  jednom  tjedno. 


Slika  1.  Koliko  cesto  primjenjujete  igru  u nastavi  matematike? 

Didakticke  igre  ucitelji  u jednakompostotku  primjenjuju  u uvodnom  i zavrsnom 
dijelu  sata,  pri  ponavljanju  ili  vjezbanju.  Uoceno  je  da  niti  jedan  anketirani  ucitelj 
igru  ne  primjenjuje  u glavnom  dijelu  sata.  65%  uciteija  cesce  koriste  matematicke 
igre  bez  pomagala  i materijala,  dok  35%  uciteija  navode  da  koriste  kocke  i kockice, 
karte,  domino  ili  neke  druge  drustvene  igre. 

Najcesce  primjenjivane  didakticke  igre  u nastavi  matematike,  prema  uces- 
talosti  pojavljivanja  u anketnim  upitnicima  su:  igre  s kockicama,  dremuckanje, 
domino,  memory,  izvlacenje  brojeva  iz  sesira,  pikado,  tombola,  bingo  i slagalica. 
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□ individuaino 

□ sk.aktiv 

□ zupanijski 

□ drzavni  skup 


Slika  2.  Misljenje  ucite^a  o razini  strucnog  usavrsavanja  na  kojoj  smatraju 
da  ce  ojacati  svoje  matematicke  kompetencije 

Prema  Slici  2 ucitelji  smatraju  da  ce  im  pri  jacanju  matematickih  kompe- 
tencija  i primjeni  didakticke  igre  u nastavi  najvise  pomoci  individuaino  strucno 
usavrsavanje  (47  ucitelja),  a zatim  strucno  usavrsavanje  na  zupanijskoj  razini  (28 
ucitelja). 

U anketnom  upitniku  su  ucitelji  imali  mogucnost  napisati  sto  misle  o primjeni 
didakticke  igre  u nastavi.  Slijede  neka  njihova  razmisljanja: 

/ Matematicke  igre  su  korisne  jer  razvijaju  kreativnost  kod  ucenika,  uz  igre 
ucenici  brze  i lakse  pamte. 

/ DA  za  igre  jer  davno  je  dokazano  kako  se  kroz  igru  najkvalitetnije  uci  i 
dugotrajno  pamti. 

/ Zanimljive  igre  motiviraju  ucenike  za  (novo  i staro)  gradivo,  daju  samopouz- 
danje  i mogucnost  aktivnog  sudjelovanja  svakog  ucenika. 

/ Didakticke  matematicke  igre  nisu  preporucljive  - one  su  POTREBNE! 

/ Matematicke  igre  osvjezavaju  nastavu  i priblizavaju  matematiku  stvarnom 
zivotu. 

/ Didakticke  igre  pomazu  uceniku  prihvatiti  matematiku  kao  nesto  stvarno  i 
korisno. 


Primjeri  odabranih  didaktickih  igara 

U nastavku  rada  opisane  su  didakticke  igre  koje  ucitelji  razredne  nastave  Grada 
Siska  najcesce  koriste  u nastavi  matematike  Slika  3: 


izviacenje 

l^I  as  , . 

, 7.  broievaiz 

kockicama 

sesira 

bingo 

slagalica  dremuckanje 

memory 

pikado 

Slika  3.  Didakticke  igre  koje  ucitelji  razredne  nastave  grada  Siska  najcesce  koriste 
u pocetnoj  nastavi  matematike 
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1.  Igra  s kockicama 

Ucenici  bacaju  kockicu  i glasno  izgovaraju  broj  tockica  na  kockici.  Ako  imaju 
dvije  kocke  mogu  uvjezbavati  zbrajanje  i oduzimanje,  ako  imaju  tri  ili  vise  kocaka 
uvjezbavaju  zbrajanje  ili  sa  dvije  kocke  mnozenje  brojeva. 

2.  Izvlacenje  brojeva  iz  sesira 

Ucenici  glasno  izgovaraju  izvucene  brojeve.  Ako  su  brojevi  trodimenzion- 
alni  najprije  ih  prepoznaju  zatvorenih  ociju  (taktilnost).  Brojeve  zatim  pricvrscuju 
na  plocu.  U kombinaciji  sa  slijedecim  izvucenim  brojevima  nastaje  matematicki 
zadatak  (brojevni  izraz  ili  matematicka  prica) . 

3.  Bingo 

Bingo  je  igra  slicna  lotu.  Primjenjuje  se  najcesce  u 1.  ili  2.  razredu  zbog  bro- 
jevnog  niza  do  20,  a kasnije  s brojevima  do  50  ili  100.  Moze  se  igrati  individualno 
ili  grupno. 

Individualno  - materijal:  biljeznica,  olovka,  kartice  sa  brojevima 

Tijek  igre:  svaki  ucenik  nacrta  tablicu  sa  6 polja  i u svako  polje  upise  broj. 
Brojevi  se  ne  smiju  dva  puta  pojavljivati  u istoj  tablici.  Ucitelj  izvlaci  kartice  s 
brojevima  i glasno  izgovara  broj,  a ucenici  koji  imaju  taj  broj  u tablici  moraju 
ga  prekriziti.  Ucenik  koji  prvi  prekrizi  svih  6 brojeva  vikne  “BINGO!”  i on  je 
pobjednik. 

Grupno  - materijal:  ploca,  kreda,  kartice  s brojevima 

Tijek  igre:  razred  je  podijeljen  u dvije  grupe.  Crtaju  se  dvije  tablice  s po  6 
polja  na  ploci.  Ucenici  iz  svake  grupe  govore  brojeve  i ucitelj  ih  upisuje  u tablice. 
Ucenici  iz  jedne  i iz  druge  grupe  naizmjence  izvlace  brojeve,  a izvuceni  brojevi  se 
precrtavaju  u obje  tablice  na  ploci.  Pobjednik  je  ona  grupa  koja  prva  prekrizi  sve 
brojeve. 

4.  Slagalica 

U svakom  kvadraticu  nalazi  se  po  jedan  zadatak.  Zadatke  treba  izracunati, 
poloziti  na  karton  sa  rjesenjima,  tako  da  je  rezultat  okrenut  prema  dolje.  Na 
poledini  svakog  crteza  je  neka  slika.  Ako  se  svi  zadatci  pravilno  izracunaju,  dobije 
se  pravilan  crtez. 

5.  Dremuckanje 

Ucenici  su  spustene  glave  prema  klupi  (’dremuckaju’).  Ucitelj  sece  ucionicom 
i izgovara  brojevni  izraz.  Ucenik  kojeg  dodirne  po  ramenu  treba  ponoviti  brojevni 
izraz  i reci  rezultat.  Ako  je  tocno  rijesio  brojevni  izraz  podize  glavu  (budi  se). 
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6.  Memory 

Na  kartone  u dvije  razlicite  boje  napisu  se  zadatci  - na  jednu  boju  zadatak,  a 
na  drugu  rjesenje  zadatka.  Kartoni  se  poslazu  na  stol  licem  prema  dolje.  Ucenik 
okrece  kartone  razlicitih  boja.  Ako  okrene  kartone  na  kojima  su  zadatak  i rjesenje 
uzima  ih  sebi,  a zatim  otvara  novi  par  kartona.  Ako  ne  otvori  zadatak  i tocno 
rjesenje,  vraca  kartone  na  mjesto  licem  prema  stolu.  Igra  se  u skupinama  po  3-4 
igraca,  pobjednik  je  igrac  koji  skupi  najvise  parova. 

7.  Pikado 

Na  ploci  ill  plakatu  je  nacrtano  5 koncentricnih  krugova.  (Krugovi  mogu  bid 
podijeljeni  okomitim  crtama  tako  da  se  dobije  vise  razlicitih  polja.)  U svaki  kmg 
(polje)  upise  se  jedan  broj.  Ucenici  stoje  u dvije  kolone  ispred  krugova  na  istoj 
udaljenosti  i bacaju  kredu  u metu.  Brojeve  koje  pogode  zbrajaju/mnoze.  Pobjednik 
je  kolona  koja  sakupi  najvise  bodova. 


Zakijucak 

Osnovni  cilj  nastave  matematike  je  stvoriti  matematicki  pismenog,  kompe- 
tentnog  pojedinca  koji  je  sposoban  primjenjivati  matematiku  u svakodnevnom 
zivotu.  S obzirom  da  su  nastavni  sadrzaji  od  samog  pocetka  apstraktni,  vazna 
je  kvalitetna  metodicka  obrada  i stalna  povezanost  matematickih  sadrzaja  sa  ziv- 
otnom  stvarnoscu.  Za  usvajanje  matematickih  sadrzaja  u nastavi  cesto  se  koristi 
didakticka  igra  jer  povezuje  ucenje  i zabavu,  motivira  ucenike,  razvija  apstraktno 
misljenje  i logicko  zakljucivanje.  Pritom  je  velika  uloga  ucitelja  u osmisljavanju 
i provodenju  igre  u pocetnoj  nastavi  matematike  jer  didakticka  igra  treba  imati 
opravdanje  u nastavnom  procesu.  Obogacivanje  ucenja  didaktickom  igrom  i pot- 
icanje  ucenika  na  matematicke  igre  razvija  njihove  matematicke  sposobnosti.  U 
nastavi  matematike  cesce  se  koriste  igre  s pravilima  jer  one  od  ucenika  zahtije- 
vaju  pamcenje  i sadrzaja  i pravila  igre,  ali  i mnoge  socijalne  vjestine  vezane  uz 
pobjedivanje  i poraz  u igri. 

Istrazivanje  provedeno  medu  uciteljima  razredne  nastave  na  Zupanijskim 
strucnim  vijecima  grada  Siska  pokazalo  je  da  ucitelji  barem  jednom  tjedno  prim- 
jenjuju  didakticku  igru  u nastavi  matematike  i to  pri  ponavljanju  i vjezbanju  u 
uvodnom  ili  zavrsnom  dijelu  sata.  Niti  jedan  ucitelj  didakticku  igru  ne  primjenjuje 
pri  obradi  u glavnom  dijelu  sata  i stoga  je  potrebno  poticati  ucitelje  na  pronalazenje, 
osmisljavanje  i koristenje  didaktickih  igara  koje  ce  pomoci  uceniku  pri  usvajanju 
novih  matematickih  sadrzaja,  a time  i razvijanju  matematickih  kompetencija.  Od 
didaktickih  igara  koje  ucitelji  najcesce  primjenjuju  u nastavi  autorice  rada  izdvojile 
su  i opisale  7 igara:  igra  s kockicama,  izvlacenje  brojeva  iz  sesira,  bingo,  slagalica, 
dremuckanje,  memory  i pikado. 

Anketirani  ucitelji  vecinom  smatraju  da  ce  im  pri  jacanju  matematickih  kom- 
petencija i primjenjivanju  didakticke  igre  u pocetnoj  nastavi  matematike  pomoci 
individualno  usavrsavanje  pri  cemu  ce  do  izrazaja  doci  njihova  kreativnost,  iskustvo 
i inovativnost. 


Igra  - put  prema  matematickoj  kompetenciji 


All 
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3.  meaunarodni  znanstveni  skup 
MATEMATIKA  I DIJETE 


Didakticke  igre  u nastavi  matematike 


Marija  Juricic  Devcic 

Uciteijski  fakultet,  Sveuciliste  u Zagrebu,  Hrvatska 


Sazetak.  Igra  kao  osnovna  djecja  aktivnost  i djetetova  potreba 
utjece  na  cjelokupan  djetetov  razvoj.  Didakticke  igre  su  skupina 
igara  koje  se  u odgojno-obrazovnom  procesu  rabe  s ciljem  ostvarivanja 
unaprijed  postavljenih  odgojno  obrazovnih  zadataka.  Pozitivno  utjecu 
na  rezultate  ucenja,  posebno  na  trajnost  znanja,  motivaciju,  paznju 
i aktivnost  ucenika,  a ucenje  cine  zanimljivijim.  Suvremena  skola 
upotrebom  didaktickih  igara  kao  nastavne  metode  stavlja  naglasak  na 
potrebe  i prirodu  ucenika-djeteta.  U nastavi  matematike  didakticke  igre 
primjenjuju  se  u upoznavanju,  vjezbanju  i ponavljanju  matematickih 
sadrzaja. 

Kljucne  rijeci:  igra,  didakticka  igra,  matematika,  nastava 


Uvod 

Igra  je  osnovna  djecja  potreba.  Ona  je  spontana  i slobodna.  U ranom  djet- 
injstvu  ona  je  najvaznija  djetetova  aktivnost  jer  kroz  igru  dijete  uci,  razvija  se, 
izgraduje  svoje  stavove  prema  svijetu  koji  ga  okruzuje.  Stoga  je  prirodno  djetetu 
omoguciti  da  se  sto  vise  igra. 

Igra  se  odvija  uglavnom  zbog  zadovoljstva  koje  pruza.  Prihvacamo  je  iz  vlasti- 
tih  potreba,  bez  vanjske  prisile.  Dijete  se  u igri  osjeca  nesputano  i otvoreno  i slijedi 
vlastitu  koncepciju.  Nije  dobro  prekidati  igru  nepozeljnim  intervencijama.  Dijete 
u igri  istrazuje,  kombinira,  isprobava  i koristi  razlicite  strategije,  a odrasla  osoba 
moze  bid  pozeljan  suigrac  ako  i sama  tako  dozivljava  igru,  uvazava  zamisli  i ideje 
djeteta  i nenametljivo  mu  nudi  nove  mogucnosti. 

Igru  kao  neizostavan  dio  djetinjstva  zbog  toga  ne  smijemo  iskijuciti  iz  nas- 
tavnog  procesa.  Dapace,  uvodenjem  igre  kao  nastavne  metode  kad  god  je  to 
moguce  i sto  je  vise  moguce  poboljsat  cemo  rezultate  ucenja  i povecati  djetetovo 
zanimanje  za  skolu. 


Igra 


Igra  je  optimalno  sredstvo  za  ucenje  u ranom  djetinjstvu.  Omoguciti  djetetu 
da  se  igra  znaci  dopustiti  mu  da  bude  sretno,  zdravo  i kreativno  dijete. 


Didakticke  igre  u nastavi  matematike 


479 


Igm  odreduju  slijedece  karakteristike: 

1.  Igra  je  svojevoljno  i intrizicno  motivirana. 

2.  Igra  je  simbolicna,  puna  znacenja  i transformativna. 

3.  Igra  je  aktivna. 

4.  Igra  moze  bid  ogranicena  pravilima. 

5.  Igra  pruza  zadovoljstvo. 

Igra  je  vazna  u djetetovu  razvoju  jer: 

• omogucuje  djetetu  da  osmisli  svoj  svijet; 

• razvija  drustveno  i kulturno  razumijevanje; 

• omogucuje  djetetu  izrazavanje  svojih  misli  i osjecaja; 

• potice  fleksibilno  i divergentno  misljenje; 

• pruza  mogucnost  za  suocavanje  s problemom  i njegovo  rjesavanje; 

• razvija  jezicne  i pismene  sposobnosti  te  prosiruje  poznavanje  pojmova. 

Osimtoga,  dijetekrozigru razvija motoriku,  intelektualne  vjestine,  kreativnost, 
samopouzdanje,  smisao  za  humor,  uci  govor,  socijalizira  se  i priprema  za  ulazak  u 
svijet  odraslih. 


Vrste  igara 

Teoreticari  su  napravili  razne  podjele  prema  vrstama  igre.  Ovdje  cu  navesti 
podjelu  koju  je  dao  Friedrich  Frbbel  (I782.-I852.),  njemacki  pedagog  i os- 
nivac  djecjeg  vrtica  u Njemackoj  1837.  Frbbel  je  koristio  prve  radne  materi- 
jale  i igracke  za  djecu.  Cilj  njegove  didakticke  opreme  je  poticanje  djetetove 
samokreativnosti  i osvjestavanje  procesa  ucenja  koje  se,  prema  njemu,  odvija  po 
odredenim  stupnjevima.  Prema  Frbbelu,  odgoj  pocinje  od  rodenja  i taj  period  koji 
traje  do  polaska  u skolu  smatrao  je  znacajnim  za  razvoj  i formiranje  covjeka.  Os- 
nova  odgoja  prema  Frbbelu  su  igre  i razne  aktivnosti  s odgovarajucim  didaktickim 
materijalom.  Frbbel  igre  dijeli  na: 

1.  majcinsko  pjevanje  i milovanje, 

2.  igre  predmetima, 

3.  igre  kretanjem. 

Pritom  igre  predmetima  dijeli  na: 

a)  igre  tijelima  (loptom,  elementima  za  gradenje,  kuglom  kockom,  valjkom 
stoscem. . . ); 

b)  igre  plohama  (plocom,  listom  papira. . . ); 

c)  igre  crtama  (drvenim  stapicima,  drvcima,  papirnatim  trakama,  nacrtanim 
linijama. . . ); 

d)  igre  tockama  (kamenjem,  sitnim  vocem,  perlama. . . ). 

S matematickog  stanovista  u toj  podjeli  mozemo  uociti  vaznost  razlikovanja  ge- 
ometrijskih  i matematickih  svojstava  predmeta  vec  u najranijoj  fazi  odgoja  djeteta. 
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S obzirom  na  djetetovu  spoznajnu  razinu  djeteta  i razvoj  igre  tijekom  djet- 
injstva,  takoder  razlikujemo  nekoliko  vrsta  igre.  To  su: 

1 . funkcionalna  igra, 

2.  konstmktivna  igra, 

3.  igra  uloga, 

4.  igra  s pravilima. 

Funkcionalna  igra  zapocinje  vec  u dojenackoj  dobi.  U tom  razdoblju  igra 
se  sastoji  od  jednostavnih  misicnih  pokreta  koji  se  ponavljaju,  bilo  da  dijete  pri 
tome  koristi  ili  ne  koristi  neke  predmete.  Npr.  djeca  tresu  zveckom,  skacu,  povlace 
igracke  koje  sviraju,  bacaju  predmete  na  pod. 

Konstruktivna  igra  pocinje  se  javljati  ulaskom  u predskolsku  dob,  te  traje  i 
kroz  ranu  skolsku  dob.  U ovom  tipu  igre  djeca  koriste  razlicite  predmete  i materijale 
u namjeri  da  od  njih  nesto  stvore.  Tu  spadaju  igre  poput  gradnje  kula  od  kocaka, 
rezanje  i lijepljenje  slika,  izrada  figurica  od  plastelina.  lako  je  konstruktivna  igra 
cesto  individualna,  u njoj  mogu  sudjelovati  i odrasli  (roditelji,  odgajatelji).  Pritom 
ne  treba  pokusavati  ukalupiti  djetetove  uratke  u estetske  kriterije  odraslih,  vec  treba 
dozvoliti  da  se  djetetova  masta  oslobodi.  Time  poticemo  djetetovu  originalnost  i 
kreativnost. 

Igra  uloga  pocinje  se  javljati  vec  oko  druge  godine,  paralelno  sa  smanjenjem 
funkcionalne  igre.  Ovo  razvojno  razdoblje  je  izrazito  mastovito  i originalno.  Igra 
uloga  ukljucuje  upotrebu  predmeta  ili  osoba  kao  simbola  za  nesto  sto  oni  inace 
nisu.  Najvise  je  zastupljena  u dobi  do  4.  ili  5.  godine.  Igra  uloga  je  vazna  jer 
kroz  pretvaranje  djeca  uce  kako  se  uzivjeti  u tudu  perspektivu,  razvijaju  vjestine  u 
rjesavanju  socijalnih  problema  i postaju  kreativnija.  U gotovo  svim  takvim  igrama 
mogu  se  prepoznati  tri  elementa:  zaplet  ili  prica,  uloge  i razlicita  pomagala.  Djeca 
u svojoj  igri  koriste  predmete  kao  pomagala,  npr.  pretvaraju  se  da  piju  caj  iz  salica. 
Obicno  postoji  neka  prica,  iako  ona  moze  bid  jako  jednostavna.  Teme  u igri  cesto 
odrazavaju  ono  sto  se  dogada  u djecjim  zivotima  pa  se  igraju  mame  i tate,  lijecnika, 
trgovine,  skole  i si.  Djeca  u predskolskoj  dobi  cesto  tesko  uspijevaju  rijecima 
opisati  sto  osjecaju  ili  sto  im  se  dogodilo.  Igra  je  laksi  nacin  da  se  izraze  mnoge 
stvari. 

Nakon  pete  godine  djeca  sve  cesce  pokazuju  interes  za  sudjelovanje  u ra- 
zlicitim  igrama  s pravilima.  Tu  spadaju  igre  s unaprijed  poznatim  pravilima  i 
ogranicenjima  u kojima  postoji  unaprijed  odredeni  cilj.  Primjer  takve  igre  su  igre 
poput  skrivaca,  granicara  te  drustvene  igre  poput  covjece  ne  ljuti  se.  Djeca  kroz 
ovakve  igre  uce  da  su  u zivotu  nuzna  i neka  pravila,  uce  kako  ih  postivati,  kako 
se  nositi  s uspjehom,  ali  i neuspjehom.  Igra  s pravilima  nije  nuzno  natjecateljska, 
nego  se  moze  uciniti  i kooperativnom,  pri  cemu  se  djecu  uci  timskom  uspjehu  i na- 
poru,  pomaganju  i dijeljenju  s drugima.  Kooperativne  igre,  npr.  sto  duze  dodavanje 
lopte  tako  da  lopta  samo  jednom  udari  o zemlju  izmedu  igraca,  uce  djecu  koja  se 
boje  neuspjeha  koliko  je  vazno  ustrajati  te  ih  uce  da  je  uspjeh  dio  timskog  procesa. 
Timski  sportovi  takoder  su  primjer  kooperativne  igre,  ali  unutar  jednog  tima. 

U igre  s pravilima  spadaju  i drustvene  igre  koje  se  mogu  napraviti  ili  kupiti 
u trgovini,  a za  njih  je  obicno  potrebna  kartonska  ploca  ili/i  neki  drugi  rekviziti. 
Drustvene  igre  mozemo  podijeliti  na  strategijske  igre  (kao  sto  su  sab,  domino. 
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memory. . . ) i igre  na  srecu  (igre  u kojima  se  koristi  kockica  ili  vise  njih,  igre  u ko- 
jima  se  nasumicno  izvlace  karte  ili  brojevi,  npr.  tombola).  Strategijske  igre  obicno 
se  igraju  u paru,  i u njima  djeea  izmedu  ostalog  uce  gubiti  i nositi  se  s porazom. 
Neke  su  igre  kombinacija  strategijskih  igara  i igara  na  srecu,  npr.  monopoly. 

S obzirom  na  vrstu  aktivnosti  tijekom  igre,  igre  dijelimo  na: 

1 . senzorne  igre, 

2.  igre  izrazavanja, 

3.  motome  igre, 

4.  misaone  igre. 

Didakticke  igre 

Bognar  i Matijevic  (1993)  didakticku  igru  defmiraju  kao  slozenu  pedagosku 
aktivnost  koja  omogucuje  stjecanje  znanja,  razvoj  sposobnosti  i dozivljavanje 
posljedica  vlastitih  postupaka. 

Mnogi  autori  slazu  se  u tome  da  je  didakticka  igra  drugacija  od  slobodne  djecje 
igre  jer  je  odredena  pravilima  i opterecena  nastavnim  ciljevima,  dakle,  nije  u pot- 
punosti  slobodna.  Ipak,  djeea  u nastavi  lako  prihvacaju  didakticku  igru  samo  kao 
igru,  ne  razmisljajuci  previse  o njenoj  namjeni,  naravno  uz  uvjet  da  je  ta  didakticka 
igra  pravilno  odabrana.  Pravilno  odabrana  didakticka  igra  mora  bid  primjerena  dobi 
ucenika,  ne  smije  biti  prelagana  niti  preteska,  ne  smije  predugo  trajati  i ucenicima 
mora  biti  zanimljiva. 

U raznim  istrazivanjima  znanstvenici  koji  su  proucavali  odnos  ucinka  primjene 
didaktickih  igara  kao  nastavne  metode  i prema  ucinku  klasicnog  poucavanja  dolaze 
do  zakljucka: 

1.  primjenom  didaktickih  igara  postize  se  podjednak  ucinak  kao  primjenom 
nastavnih  listica  u vjezbanju  i ponavljanju  gradiva; 

2.  paznja  ucenika  bolje  je  usmjerena  kod  primjene  didaktickih  igara; 

3.  ucenici  slabijih  i prosjecnih  mogucnosti  postizu  bolje  rezultate  vjezbajuci 
uz  didakticke  igre; 

4.  didaktickim  igrama  postize  se  bolje  i trajnije  zapamcivanje; 

5.  didakticke  igre  omogucavaju  djeci  s posebnim  potrebama  i povucenoj  djeci 
da  otkriju  i istaknu  svoje  sposobnosti. 

Slozenije  matematicke  igre  pogodnije  su  za  rad  s ucenicima  natprosjecnih 
matematickih  sposobnosti  i trebalo  bi  ih  izostaviti  iz  redovite  nastave  (jer  hi  mogle 
obeshrabriti  prosjecne  i ispodprosjecne  ucenike).  S takvim  zadacima  mozemo 
motivirati  ucenike  na  dodatnoj  nastavi  ili  ih  koristiti  u individualnom,  mentorskom 
radu  s darovitim  ucenicima. 

Primjena  u nastavi  matematike 

U nastavi  matematike  od  veceg  znacenja  su  konstruktivne  igre  i igre  s prav- 
ilima. Mogu  se  provoditi  i neke  igre  uloga,  npr.  igrajuci  se  trgovine  mozemo 
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vjezbati  zbrajanje.  Matematicke  igre  su  misaone  igre,  djelomicno  neke  od  njih 
mogu  biti  i motoricke  igre  (rjesavanje  matematickih  zadataka  moze  se  kombinirati 
s utrkivanjem  do  ploce  i sL). 

Medutim,  obzirom  na  zadovoljstvo  i uzitak  koje  pruza  pronalazenje  rjesenja, 
te  motiviranost  ucenika  takvom  vrstom  zadataka,  u didakticke  igre  bismo  mogli 
ubrojiti  i niz  zagonetki  cije  rjesavanje  zahtijeva  ukljucivanje  matematickog  nacina 
razmisljanja  i koje  pretpostavljaju  odredenu  razinu  poznavanja  i prepoznavanja 
matematickih  pojmova  i odnosa.  Takve  matematicke  zagonetke  ucenici  obicno 
rjesavaju  individualno,  a njima  se  radije  odusevljavaju  djeca  natprosjecnih  sposob- 
nosti.  U novije  vrijeme  pojavljuju  se  i racunalne  igrice  kojima  je  svrha  utvrdivanje, 
vjezbanje  i ponavljanje  nastavnih,  izmedu  ostalih  i matematickih  sadrzaja  (npr. 
Ucilica,  Suncica. . . 

Matematicke  igre  ucenici  mogu  igrati: 

1.  individualno, 

2.  u paru, 

3.  u gmpi. 

Igra  u kojoj  sudjeluje  citav  razred  moze  se  organizirati  kao  natjecanje,  poje- 
dinacno  ili  gmpno,  a u nekim  zahtjevnijim  zadacima  bolje  je  da  ucenik  problem 
rjesava  sam,  bez  natjecanja  i vremenskih  ogranicenja,  kako  hi  njegova  kreativnost 
i originalnost  dosla  do  punog  izrazaja. 


Primjeri 

Slijedi  nekoliko  karakteristicnih  didaktickih  igara  koje  se  mogu  koristiti  u 
nastavi  matematike  u osnovnoj  skoli. 

Primjer  1.  Igra  s magnetima  (konstruktivna  igra) 

Za  ovu  igru  potreban  je  set  konstruktivnih  elemenata*  koji  se  sastoji  od  metal- 
nih  kuglica,  plastificiranih  stapicastih  magneta  i plasticnih  plocica  u obliku  trokuta, 
kvadrata,  romba  i pravilnog  peterokuta.  Od  navedenih  dijelova  mogu  se  sloziti 
geometrijska  tijela  - poliedri.  Pritom  kuglice  imaju  ulogu  vrhova  (tocaka),  stapici 
predstavljaju  bridove  (crte),  dok  su  plocice  plohe poliedra.  lako  su  moguce  razlicite 
konstrukcije,  skup  tih  konstrukcija  je  ogranicen  kolicinom,  dimenzijama  i oblikom 
elemenata.  Moguce  je  sloziti  svih  pet  pravilnih  poliedara,  razlicite  piramide,  prizme 
. . . Metalne  kuglice  sunuznejerpovezuju  magnete,  a plocice  konstrukcijupodupiru 
i odrzavaju  cvrstom.  Konstruiranim  poliedrima  lako  je  prebrojati  vrhove,  bridove 
i plohe,  jer  su  oni  konkretni,  opipljivi. 

Ova  igra  police  kreativnost  i mastu,  razvija  spretnost  i fmu  motoriku,  usmjer- 
ava  djetetovu  paznju  i uci  ga  na  njemu  prihvatljiv  i zanimljiv  nacin  geometrijskim 
oblicima  i pojmovima  kao  sto  su  ploha,  brid  i vrh. 

* U primjeru  je  koristen  set  magneta  za  igru  Geomag 
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Zadatak:  Od  zadanih  elemenata  slozite  kocku. 


Primjer  2.  Zadaci  sa  sibicama 

Pri  zadavanju  ovih  zadataka  mozemo  se  posluziti  sibicama  ili  nekim  drugim 
stapicima  jednake  duljine,  ili  se  sibice  mogu  jednostavno  nacrtati.  Razlikujemo 
dvije  vrste  ovakvih  zadataka.  To  su  geometrijski  zadaci  gdje  su  sibice  rasporedene 
tako  da  tvore  razne  poligone  i geometrijske  figure,  i aritmeticki  zadaci  koji  su 
obicno  zadani  s rimskim  brojevima,  a nesto  rjede  s arapskim.  U aritmetickim 
zadacima  sibice  formiraju  rimske  (arapske)  znamenke  i matematicke  znakove. 
Osim  upoznavanja  i usvajanja  geometrijskih  pojmova,  vjezbanja  aritmetickih  op- 
eracija  i zapisivanja  rimskih  brojeva,  ovim  zadacima  razvija  se  logicko  misljenje  i 
kombinatorika. 

Zadatak  A\  Premjestite  dvije  sibice  tako  da  dobijete  pet  jednakih  kvadrata. 


( 


Zadatak  B:  Premjestite  dvije  sibice  tako  da  racun  bude  tocan. 


Primjer  3.  Tangram 

Kineska  igra-slagalica  sastoji  se  od  7 elemenata  koji  se  mogu  sloziti  u kvadrat, 
ali  i u mnoge  druge  zadane  likove.  Ti  elementi  mogu  se  lako  napraviti  od  kar- 
tona,  a mogu  se  kupiti  i drveni  modeli  u specijaliziranim  trgovinama.  Ova  igra 
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pogodna  je  za  rad  u grupama  natjecateljskog  tipa  (po  principu  tko  ce  prije),  gdje 
se  osim  usvajanja  geometrijskih  pojmova  i vjezbanja  kombinatornog  razmisljanja 
uci  i suradnicko  ponasanje  unutar  grupe.  Mogu  bid  zadani  i drugi  nacini  i oblici 
razrezivanja  kvadrata,  ili  nekog  drugog  lika. 


Zadatak:  Zadane  elemente  slozite  tako  da  tvore  kvadrat. 


Rjesenje: 


Primjer  4.  Igre  s brojevima 

S brojevima  se  mozemo  igrati  na  razne  nacine.  Jedan  od  njih  je  formiranje 
razlicitih  nizova  brojeva  i uocavanje  pravilnosti  (uzoraka).  Takvi  su  npr.  slijedeci 
nizovi  jednakosti: 


Tablica  1: 


Tablica  2: 


1 

11 

111 

1111 


111111111 


1 

1 

11 

121 

111 

12321 

nil 

1234321 

111111111  = 

12345678987654321 

7-7 

49 

67-67  = 

4489 

667  • 667  = 

444889 

6667  • 6667  = 

44448889 

Uocimo  da  je  druga  tablica  beskonacna,  za  razliku  od  prve.  Uz  ovakve  primjere 
ucenicima  se  mogu  zadati  slijedeci  zadaci: 

Zadatak  A\  Nastavite  niz. 

Zadatak  B:  Provjerite  racunanjem. 
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Zadatak  C:  Izracunajte  prvih  nekoliko  umnozaka,  a onda  uocite  pravilnost  i 
nastavi te  niz  bez  racunanja. 

Primjer  5.  Labirinti 

Labirinti  mogu  biti  jednostavni  i vrlo  slozeni.  Jednostavniji  labirinti  pogodni 
su  u pocetnoj  nastavi  matematike,  preciznije  u prvom  razredu,  za  uvjezbavanje 
crtanja  zakrivljenih  linija.  Pored  toga,  pogoduju  uvjezbavanju  kombinatornog  i 
logickog  razmisljanja,  kao  i koncentracije.  Mogu  biti  osmisljeni  zajedno  s pricom 
koja  dodatno  motivira,  npr.  ’pomozite  Crvenkapici  da  dode  do  bakine  kuce,  ali  tako 
dane  susretne  vuka’.  Slozeniji  labirinti  su  namijenjeni  starijoj  djeci,  ali  i odraslima, 
mogu  iziskivati  dosta  vremena  i truda,  pa  su  izazov  za  naprednije  ucenike. 

Zadatak:  Nadite  najkraci  put  od  ulaza  do  sredista  labirinta.^ 


Primjer  6.  Magicni  kvadrati 

Magicni  kvadrat  je  prastara  matematicka  zagonetka  kojoj  se  u povijesti  davalo 
i misticno  znacenje.  U tablicu  dimenzija  3x3  treba  upisati  brojeve  od  1 do  9 tako 
da  zbroj  brojeva  u svakom  retku  i stupcu,  te  po  dijagonalama,  bude  konstantan. 
Jedno  od  osam  rjesenja  prikazuje  slika: 


6 

7 

2 

1 

5 

9 

8 

3 

4 

Preostala  rjesenja  dobiju  se  rotacijom  kvadrata  za  90°  i zrcaljenjem  obzirom  na 
dijagonale. 

Postoje,  dakako,  magicni  kvadrati  vecih  dimenzija,  kao  i drugi  ’magicni’  ge- 
ometrijski  likovi.  Ova  mozgalica  moze  se  upotrijebiti  za  uvjezbavanje  zbrajanja. 


2 


Labirint  je  preuzet  iz  cuvene  zbirke  zagonetki  Amusements  in  Mathematics  (H.  E.  Dudeney). 
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ali  zahtijeva  i visok  stupanj  logickog  i kombinatornog  matematickog  misljenja. 
Stoga  je  pogodnija  za  dodatnu  nastavu  matematike.  Igre  slicnog  tipa  su  japanske 
mozgalice  sudoku,  kakuro  i si. 

Zadatak:  U prazne  kruzice  upisite  brojeve  od  1 do  10  tako  da  na  svakoj  liniji 
zbroj  brojeva  bude  jednak. 


Rjesenje: 


Primjer  7.  Zagonetke 

Zagonetke  se  mogu  rjesavati  individualno  ill  u grupi,  gdje  se  moze  koris- 
titi  tehnika  brainstorming-^  (’oluja  ideja’).  Postoje  dvije  vrste  zagonetki  prema 
nacinu  rjesavanja  - to  su  logicke  i lateralne  zagonetke.  Kod  logickih  zagonetki 
rjesenje  proizlazi  iz  niza  logickih  zakljucaka  (vertikalno),  a kod  lateralnih  je 
rjesenje  potrebno  potraziti  zaobilaznim  putem  (do  njega  dolazimo  tzv.  divergent- 
nimrazmisljanjem,  lateralno).  Neki  psiholozi  uspjesno  koriste  obje  vrste  zagonetki 
u terapijama  za  djecu  s hiperaktivnim  poremecajem  i ADHD-om. 

Zadatak  A (logicka  zagonetka):  Anton  promatra  patke  u seoskom  ribnjaku. 
Jedna  patka  pliva  ispred  dviju  pataka,  a jedna  patka  pliva  iza  dviju  pataka.  ’Toliko 
pataka  nikada  nismo  imali  na  seoskom  ribnjaku’,  pomisli  Anton.  Koliko  pataka 
vidi  Anton? 

Zadatak  B (lateralna  zagonetka)'.  Covjek  ude  u gostionicu.  Na  sanku  naruci 
casu  obicne  vode.  Posluzitelj  izvuce  revolver  i uperi  ga  u gosta.  Ovaj  mu  zahvali  i 
napusti  gostionicu.  Sto  bi  to  trebalo  znaciti?^ 

Primjer  8.  Origami 

Japanska  vjestina  savijanja  papira  origami  pogodna  je  kao  vjezba  spretnosti, 
preciznosti,  koncentracije,  te  kao  metoda  vizualizacije  i usvajanja  geometrijskih 
pojmova.  Dijete  uz  origami  uci  slijediti  niz  uputa,  a tehniku  moze  iskoristiti  i za 
istrazivanje  vlastite  kreativnosti.  Moze  se  provoditi  s ucenicima  razlicitih  uzrasta, 
od  jednostavnijih  modela  u pocetnoj  nastavi  matematike,  do  tezih  modela  u visim 
razredima  osnovne  skole,  uz  koje  ucenici  moraju  slijediti  slozenije  matematicke 
upute  te  ih  povezivati  s matematickim  svojstvima  modela. 

^ Ovo  su  zagonetke  iz  knjige  IQ  trening. 
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Primjer  9.  Matematicki  rebusi 

Matematicki  rebusi  su  zadaci  sa  zadanim  pravilima:  treba  zamijeniti  znak 
u tablici  odgovarajucom  znamenkom,  tako  da  racun  bude  tocan.  Razlicitim 
znakovima  uvijek  odgovaraju  razlicite  znamenke.  Znakovi  predstavljaju  znamenke 
broja,  tako  da  prva  znamenka  broja  nikad  nije  jednaka  nuli.  Ponekad  je  zadano  i 
pravilo  da  rebus  ima  jedinstveno  rjesenje  (u  suprotnom,  ako  ima  vise  rjesenja,  to 
treba  naglasiti  kako  bi  se  odgonetacu  olaksao  posao).  Znakovi  mogu  biti  slicice 
ili  slova.  Rebusi  zadani  slovima  u kojima  se  pojavljuju  rijeci  koje  imaju  smisla 
ili  cak  salju  neku  poruku,  posebno  su  zanimljivi.  Na  engleskom  jeziku  takvi  re- 
busi nazivaju  se  alphametics,  dok  se  obicni  rebusi  nazivaju  cryptarithms,  skraceno 
od  crypt-arithmetics  (taj  termin  se  prvi  put  pojavljuje  1931.  godine  u belgijskom 
enigmatskom  casopisu  Sphinx).  U pocetnoj  nastavi  matematike  mogu  se  zadati  i 
jednostavniji  rebusi  u kojima  su  neke  znamenke  poznate,  a neke  su  zamijenjene 
zvjezdicama.  Takvi  zadaci  obicno  nisu  preteski  i imaju  svrhu  vjezbanja  izvodenja 
racunskih  operacija,  ali  kroz  njih  takoder  indirektno  uvodimo  pocetno  rjesavanje 
jednostavnih  algebarskih  jednadzbi. 

Zadatak  A:  Umjesto  zvjezdica  upisite  odgovarajuce  znamenke: 

* 0 * * 

- 2 * 0 5 
4 12  3 

Zadatak  B:  Simbole  zamijenite  znamenkama: 

(?x0©  = 4©* 

: + 

© + A = ^ * 

© + ® 

Zadatak  C:  Nadite  znamenke  reprezentirane  slovima: 

ABC 
ABC 
+ A B C 

B B B~ 

Zadatak  D:  Nadite  znamenke  reprezentirane  slovima:^ 

SEND 
+ M O R E 
MONEY 


^ Zagonetka  koju  je  1924.  godine  objavio  H.  E.  Dudeney. 
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Primjer  10.  Drustvene  igre 

U razredu  se  mogu  igrati  razne  drustvene  igre  kao  sto  su  domino,  bingo, 
covjece  ne  ljuti  se  i slicno,  modificirane  tako  da  se  tijekom  igre  trebaju  rjesavati 
matematicki  zadaci.  Npr.  u igri  memory  na  nekim  karticama  mogu  biti  kratki 
zadaci,  a na  drugima  rjesenja  tih  zadataka,  a cilj  igre  je  upariti  zadatke  s rjesenjima. 

U pocetnoj  nastavi  matematike  ovakvim  igrama  mogu  se  uvjezbavati  osnovne 
racunske  operacije. 


Primjer  11.  Matematicka  krizaljka 

U matematickoj  krizaljci  u samu  tablicu  upisuju  se  znamenke,  a ne  slova. 
Zadaci  su  zadani  pod  uobicajenim  rubrikama  vodoravno  i okomito  i prilagodeni  su 
nastavnim  sadrzajima  i uzrastu  ucenika. 

Zadatak:  Rijesite  matematicku  krizaljku^ : 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Vodoravno:  Okomito: 


1 

49  + 98 

1 

102  + 67 

3 

313  + 313 

2 

525  + 145 

5 

197+4 

3 

418  + 197 

6 

586  + 399 

4 

470  + 130 

8 

290  + 220 

7 

853  +7 

11 

79  + 11 

9 

45  + 55 

12 

209  + 51 

10 

626  + 94 

14 

240  + 560 

11 

333  + 666 

16 

832  + 136 

13 

596  + 13 

17 

821  + 101 

14 

33  + 22  + 

15 

0+12 

Primjer  12.  Racunalne  igre 

U suvremeno  doba  djeca  su  sve  vise  zaokupljena  tehnologijom,  obozavaju 
racunalne  i razne  druge  elektronicke  igrice.  Dobro  je  ponekad  tu  njihovu  strast 
iskoristiti  i u obrazovne  svrhe.  Danas  postoji  mnogo  obrazovnih  racunalnih  igrica 
na  CD-ROM-u  ili  na  Internet-u.  Od  igara  na  hrvatskom  jeziku  najpoznatije  su 
Ucilica  i Suncica,  koje,  medu  ostalim,  pokrivaju  i matematicke  sadrzaje  primjerene 
djeci  odgovarajuceg  uzrasta.  Mnoge  od  ranije  navedenih  matematickih  igara  mogu 
se  naci  u obliku  racunalne  igre  na  internetskim  stranicama.  U primjeni  suvremene 
tehnologije  ipak  ne  treba  ici  u krajnost,  vec  je  najbolje  kombinirati  klasicne  metode 
igre  s ovim  novim,  suvremenim  oblicima  igre. 

^ Mrkonjic,  Salamon,  Vlatka  & Matka  3 
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Zakijucak 

Dijete  kroz  igru  stjece  nove  spoznaje  o svijetu  oko  sebe  i sebi  samom.  Sto 
je  dijete  starije,  to  je  njegova  igra  slozenija  i njegova  znatizelja  postaje  sve  veca. 
Dijete  kroz  igru  uci. 

Igra  i istrazivanje  su  pokretac  spoznajnog  razvoja  djeteta.  Igrajuci  se  s predme- 
tima  i oblicima  djeca  uce  o prostoru,  svladavaju  koncepte  tezine,  visine,  obujma. . . 

Igra  se  u skoli  moze  primijeniti  kao  nastavna  metoda.  U nastavi  matematike 
kroz  igru  se  mogu  ponavljati  matematicki  sadrzaji,  uvjezbavati  i automatizirati 
matematicke  radnje,  vjezbati  logicno  misljenje,  razvijati  afmitet  prema  predmetu. 

Matematickim  igrama  mozemo  ucenike  vise  zainteresirati  i pribliziti  matem- 
atici. 
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Ucenje  matematike  otkrivanjem 
uz  pomoc  programa  dinamicke  geometrije 
GeoGebra  - akcijsko  istrazivanje 


Zeljka  Bjelanovic  Dijanic 

Srednja  skola  Cazma,  Cazma,  Hrvatska 

Normala  - udruga  za  promicanje  nastave  matematike,  Zagreb,  Hrvatska 


Sazetak.  Aktivno  ukljucivanje  u proces  stjecanja  znanja  jedan  je 
od  preduvjeta  uspjesnog  svladavanja  matematickih  sadrzaja.  Teorija 
konstmktivizma  zalaze  se  da  ucenik  samostalnom  aktivnoscu  na  temelju 
vlastitog  iskustva  dolazi  do  vlastitih  spoznaja,  dok  nastavnik  oblikuje 
okolinu  za  ucenje  te  police  i usmjerava  ucenike  u njihovom  samostal- 
nom ucenju.  Cilj  takvog  pristupa  je  da  se  ucenici  s vremenom 
osamostale  i nance  kako  sami  mogu  uciti,  a Polyin  model  rjesavanja 
problema  (Polya,  2004)  nudi  odgovor  kako  to  izvesti  u praksi  - u 4 
koraka:  razumijevanje  problema,  stvaranje  plana,  izvodenje  plana  i 
osvrt  na  ucinjeno. 

U nastavnoj  praksi  to  je  moguce  postici  metodom  ucenja  otkri- 
vanjem ili  istrazivacki  usmjerenom  nastavom,  a u matematici  od 
velike  pomoci  mogu  biti  programi  dinamicke  geometrije  koji  zbog 
dinamicnosti  prikaza  i interaktivnosti  matematickih  objekata  pruzaju 
dinamicko  virtualno  okruzenje  za  istrazivanje.  Medu  takvim  pro- 
gramima  izdvajam  GeoGebru  zbog  toga  sto  je  besplatna  i otvorenog 
koda,  prevedena  na  hrvatski  jezik,  intuitivna  i lako  se  svladava  rad  u 
programu,  objedinjuje  elemente  geometrije,  algebre,  analize  i statistike, 
te  je  zajednica  njenih  korisnika  na  internetu  brojna  i izuzetno  aktivna 
tako  da  svakim  danom  ima  sve  vise  gotovih  primjera  koji  se  mogu 
koristiti  u nastavi. 

Zbog  raznih  problema  na  koje  je  autorica  nailazila  u svojoj  nas- 
tavnoj praksi  pokusavajuci  implementirati  gore  opisane  ideje,  odlucila 
se  za  akcijsko  istrazivanje  kojim  nastoji  odgovoriti  na  problem:  kako 
pomoci  ucenicima  da  samostalno  usvajaju  nove  matematicke  pojmove, 
koncepte  i ideje  ucenjem  otkrivanjem  uz  pomoc  racunala  i programa 
GeoGebra.  U ovom  radu  je  opisan  tijek  istrazivanja  te  prikazan 
izvjestaj  o ostvarenom  akcijskom  istrazivanju  s ucenicima  2.  razreda 
opce  gimnazije  u Srednjoj  skoli  Cazma  u Cazmi. 

Kljucne  rijeci:  akcijsko  istrazivanje,  GeoGebra,  Polyin  model 
rjesavanja  problema,  konstruktivizam,  ucenje  otkrivanjem,  virtualno 
dinamicno  okruzenje  za  ucenje 
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Uvod 

Jedan  od  ciljeva  poucavanja  matematike  jest  nauciti  ucenike  misliti  te  ih 
osposobiti  za  rjesavanje  problema  i donosenje  odluka  u buducem  zivotu.  Kurnik 
(2008,  str.  53)  naglasava  da  su  “osnovne  smjemice  za  osuvremenjivanje  nastave 
pobudivanje  i pokretanje  misljenja  ucenika  i nastojanje  da  debar  dio  novih  znanja 
stjecu  vlastitim  snagama  i sposobnostima” . Za  ovakav  pristup  zalaze  se  teorija 
konstruktivizma  koja  se  zasniva  na  cinjenici  da  znanje  nastaje  aktivnoscu  ucenika 
pa  je  stoga  uloga  nastavnika  kao  izvora  informaeija  znatno  smanjena  u odnosu  na 
ulogu  nastavnika  koji  ce  voditi  i usmjeravati  ucenike  na  putu  stjecanja  novih  znanja. 
Znanje  se  ne  moze  prenositi  od  nastavnika  prema  uceniku  na  nacin  da  se  informa- 
eije  koje  odasilje  nastavnik  “preslikaju”  u glave  ucenika.  Ucenik  se  mora  aktivno 
ukljuciti  u nastavni  proces  te  samostalnim  radom  doci  do  vlastitih  spoznaja.  Nacin 
ucenja  je  jedinstven  za  svakog  ucenika  jer  (upravo  i samo)  on  vlastitom  aktivnoscu 
“konstruira”  svoje  znanje  na  temelju  vlastitog  iskustva.  A uloga  nastavnika  je  da 
odabere  prikladne  oblike  rada,  nastavne  metode,  izvore  znanja  i na  taj  nacin  ob- 
likuje  okolinu  za  ucenje  te  da  potice  i usmjerava  ucenike  u samostalnom  otkrivanju 
novih  pojmova,  koncepata  i zakonitosti  u sadrzajima  koje  uce. 

Nastavna  strategija  ucenja  otkrivanjem  i istrazivacki  usmjerena  nastava  su 
modeli  nastave  koji  odgovaraju  na  gore  postavljene  zahtjeve  (Bognar,  Matijevic, 
2002).  Ucenje  otkrivanjem  {discovery  learning)  je  iskustveno  ucenje  koje  se 
odvija  u stvarnosti  ili  se  koristi  simulacija.  U nastavi  matematike  sve  vise  se  koristi 
simulacija  u programima  dinamicke  geometrije  koji  zbog  dinamicnosti  prikaza  i 
interaktivnosti  matematickih  objekata  pruzaju  dinamicko  virtualno  okruzenje  za 
istrazivanje.  Medu  takvim  programima  izdvajam  GeoGebru  zbog  toga  sto  je  be- 
splatna  i otvorenog  koda,  prevedena  na  hrvatski  jezik,  intuitivna  i lako  se  svladava 
rad  u programu,  objedinjuje  elemente  geometrije,  algebre,  analize  i statistike,  te  je 
zajednica  njenih  korisnika  na  internetu  brojna  i izuzetno  aktivna  tako  da  svakim 
danom  ima  sve  vise  gotovih  primjera  koji  se  mogu  koristiti  u nastavi. 

U istrazivacki  usmjerenoj  nastavi  {inquiry  based  learning)  ucenike  se  potice 
da  samostalnim  istrazivanjem  dolaze  do  odredenih  spoznaja  uz  odgovarajucu 
pomoc  nastavnika.  Ovakav  nacin  rada  omogucuje  visok  stupanj  difereneijaeije 
nastave  jer  ce  nastavnik  svakom  uceniku  pomoci  onoliko  koliko  mu  je  potrebno. 
Ucenik  ce  samostalno  otkriti  smisao  i vaznost  informaeija  sto  ce  ga  dovesti  do 
zakljucka  ili  razmisljanja  o novostecenom  znanju.  Cilj  takvog  pristupa  je  da  se 
ucenici  s vremenom  osamostale  i nauce  kako  sami  mogu  uciti,  a Polyin  model 
rjesavanja  problema  nudi  odgovor  kako  to  izvesti  u praksi  - u 4 koraka: 

1.  Razumijevanje  zadatka  - zadatak  treba  procitati  s razumijevanjem  te 
pokusati  odgovoriti  na  pitanja:  Sto  je  nepoznato?  Sto  je  zadano?  Kako 
glasi  uvjet  zadatka? 

2.  Stvaranje plana-uociti zakonitost  (pravilo,  formula,  teorem)  kojapovezuje 
poznate  i nepoznate  varijable,  slozeniji  zadatak  rasclaniti  na  nekoliko  laksih. 

3.  Izvrsavanje  plana  - paziti  da  se  tocno  izvede  svaki  korak. 

4.  Osvrt  - provjera  rezultata,  odgovoriti  na  pitanja:  Moze  li  se  rezultat  dobiti 
na  drugaeiji  nacin?  Moze  li  se  rezultat  uociti  na  prvi  pogled?  Moze  li  se 
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rezultat  Hi  metoda  rjesavanja  upotrijebiti  za  neki  drugi  zadatak?  (Polya, 
2004). 

O tome  kako  Polyin  model  rjesavanja  problema  ugraditi  u GeoGebrino  di- 
namicno  okruzenje  za  ucenje  te  istrazivanje  i eksperimentalan  rad  ucenika  vise  se 
moze  procitati  kod  Bjelanovic  Dijanic  (2010)  te  Karadag  i McDougall  (2009).  U 
nastavku  rada  slijedi  izvadak  iz  izvjestaja  akcijskog  istrazivanja  koje  je  autorica 
provela  sa  svojim  ucenicima  dok  su  ucili  prema  prethodno  opisanim  idejama. 


Kontekst  istrazivanja 

Sudionici  akcijskog  istrazivanja  su  ucenici  2.c  razreda  opce  gimnazije  u Sred- 
njoj  skoli  Cazma  (ima  ih  20  u razredu),  a u ulozi  istrazivaca  i nastavnika  sam 
ja  - njihova  nastavnica  matematike  i informatike  Zeljka  Bjelanovic  Dijanic.  U 
dva  razreda  opce  gimnazije  predajem  matematiku,  a svim  razredima  u skoli  infor- 
matiku  ili  racunalstvo  te  mi  je  informaticka  ucionica  uvijek  na  raspolaganju.  U 
ucionici  imamo  jedno  glavno  racunalo  (server)  koje  opsluzuje  16  tankih  klijenata, 
LCD  projektor  i platno  te  je  pristup  internetu  moguc  sa  svih  16  radnih  mjesta. 
Ponekad  organiziram  nastavu  matematike  da  ucenici  samostalno  ili  u paru  rade  na 
interaktivnim  digitalnim  nastavnim  materijalima. 

Tijek  akcijskog  istrazivanja  pratila  su  i tri  kriticka  prijatelja: 

1.  dr.  sc.  Branko  Bognar  - docent  na  Filozofskom  fakultetu  u Osijeku,  bavi  se 
temama  vezanima  uz  akcijska  istrazivanja^ , takoder  mentor  za  metodoloski 
aspekt  istrazivanja; 

2.  Sime  Suljic  - profesor  matematike  na  Gimnaziji  i strukovnoj  skoli  Jurja  Do- 
brile  u Pazinu,  intenzivno  se  bavi  primjenom  racunala  u nastavi  matematike, 
izraduje  interaktivne  digitalne  materijale,  redovito  prati  razvoj  kognitivnih 
alata  u svijetu;^ 

3.  Zeljko  Kralj  - ravnatelj  Srednje  skole  Cazma  i nastavnik  matematike  s 
30-godisnjim  iskustvom  koji  pokazuje  veliki  interes  za  promjene  koje 
pokusavam  uvesti  u nastavi. 


Problem  i plan  istrazivanja 

Odgojne  vrijednosti  od  kojih  u ovom  istrazivanju  polazimo  su  samostalnost  pri 
ucenju,  aktivnost  svih  ucenika,  suradnja  ucenika,  motivacija  za  ucenje  matem- 
atike te  ucenje  uz  pomoc  racunala.  Cjelovit  izvjestaj  akcijskog  istrazivanja  prelazi 
okvire  rada  pa  ce  ovdje  bid  prikazan  samo  dio  istrazivanja  vezan  uz  samostalnost  i 
aktivnost  u racunalom  potpomognutom  ucenju. 

* Tema  doktorske  disertacije:  Mogucnost  ostvarivanja  uloge  ucitelja  - akcijskog  istrazivaca 
posredstvom  elektronickog  ucenja  (mentor  prof.  dr.  sc.  Ana  Sekulic-Majurec,  Filozofski  fakultet  u 
Zagrebu,  2008.) 

^ Sime  Suljic  je  jedan  od  prevoditelja  GeoGebre  na  hrvatski  jezik,  autor  nekoliko  desetaka 
strucnih  clanaka  te  predavanja  o koristenju  racunala  u nastavi  matematike. 
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Ciljevi 

1.  Osposobljavanje  ucenika  za  samostalno  ucenje  metodom  otkrivanja  uz  pomoc 
racunalnog  programa  dinamicke  geometrije  GeoGebra. 

2.  Izrada  novih  i prilagodba  postojecih  digitalnih  materijala  potrebama  samostalnog 
ucenja  otkrivanjem  uz  pomoc  racunala. 

Kriteriji 

• Ucenici  pokazuju  vecu  samostalnost  pri  usvajaju  novih  nastavnih  sadrzaja. 

• Ucenici  samostalno  dolaze  do  zakljucaka. 

• Gotovo  svi  ucenici  su  aktivni  na  satu. 

• Ucenici  samoinicijativno  kod  kuce  posjecuju  web  stranice  s digitalnim  materijalima. 

• Ucenici  su  zadovoljniji  na  nastavi  matematike  jer  cesce  rade  na  racunalima. 

Aktivnosti 


Za  1.  cilj  predvida  se  da  ucenici  u informatickoj  ucionici  samostalno  uce  otkrivanjem 
dolje  navedene  nastavne  teme  (po  dva  nastavna  sata  za  svaku  temu)  kroz  tri  ciklusa: 


1.  ciklus 

Nastavna 

tema 

Translacija  grata  kvadratne  funkcije  f(x)=ax^ 

Digitalni 

materijal 

http : / /www . normala . hr/ int erakt i vna 
_mat  emat ika/kvadr atna . htm 

Prikupljanje 

podataka 

• upitnik  2 (skala  procjene,  pitanja  otvorenog  tipa) 

• radovi  ucenika  - radni  list  i kratka  pisana  provjera 

• fotografije  nastave 

• istrazivacki  dnevnik  nastavnice 

• biljeske  kritickih  prijatelja,  e-mail  poruke 

2.  ciklus 

Nastavna 

tema 

Nultocke  polinoma  drugog  stupnja  i njegov  graf 

Digitalni 

materijal 

izraditi  novi  digitalni  materijal  uz  pomoc  kritickog 
prijatelja  kolege  Sime  Suljica 

Prikupljanje 

podataka 

• video  snimka  i fotografije  nastave 

• biljeske  na  temelju  sustavnog  promatranja 
(video  snimka) 

• radovi  ucenika  - pisana  provjera  znanja 

• grupni  intervju 

• istrazivacki  dnevnik  nastavnice 

• biljeske  kritickih  prijatelja,  e-mail  poruke 

3.  ciklus 

Nastavna 

tema 

Deflniclje  trigonometrijskih  funkcija  siljastog  kuta 

Digitalni 

materijal 

uz  dozvolu  autora  A.  Meiera  prevesti  i prilagoditi  materijal 
na  http : //www. realmath. de/Neues/lOzwo/trigo 
/ s inus  e inf . html 

Prikupljanje 

podataka 

• video  snimka  i fotografije  nastave 

• biljeske  na  temelju  sustavnog  promatranja  (video  snimka) 

• upitnik  3 (Likertova  skala  procjene) 

• istrazivacki  dnevnik  nastavnice 

• biljeske  kritickih  prijatelja,  e-mail  poruke 

Vrijeme:  tijekom  studenog  i prosinca  2010. 


Za  2.  cilj  predvida  se  dodatna  aktivnost  koju  nastavnica  provodi  samostalno  i 
kontinuirano:  proucavanje  literature  vezano  uz  kreiranje  interaktivnih  digitalnih 
obrazovnih  materijala  koji  odgovaraju  specificnostima  nastave  matematike 
(Bjelanovic  Dijanic,  2009,  Hohenwarter,  Preiner,  2007). 


Tablica  1.  Plan  istrazivanja. 


U tradicionalnoj  nastavi  u kojoj  dominira  aktivnost  ucitelja  i frontalni  oblik 
nastave  gotovo  sve  navedene  vrijednosti  su  narusene.  Ucenici  se  previse  oslanjaju 
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na  nastavnika  te  veci  dio  njih  nije  u stanju  kod  kuce  rijesiti  zadatak  ako  slican  nije 
rijesen  u razredu.  Na  satu  su  aktivni  samo  zainteresirani  ucenici  dok  ostali  cekaju 
da  prepisu  s ploce.  A racunalo  i internet  su  medij  kojim  su  ucenici  svakodnevno 
okruzeni  pa  se  kao  alternativa  nudi  ucenje  uz  pomoc  racunala  (CAL  - Computer 
Assisted  Learning).  Medutim,  nece  racunalo  samo  po  sebi  poboljsati  trenutnu 
situaciju.  I kod  prijasnjih  generacija  ucenika  provodila  sam  nastavu  ucenjem  otkri- 
vanjem uz  pomoc  racunala  pa  smo  nailazili  na  poteskoce,  a rezultati  se  nisu  bitno 
poboljsali.  Zbog  toga  sam  odlucila  uvesti  promjene  u svojoj  pedagoskoj  praksi  te 
provesti  akcijsko  istrazivanje  u 2.c  razredu.  Svih  20  ucenika  izjasnilo  se  da  zele 
sudjelovati,  a njihovi  roditelji  potpisali  su  izjavu  da  se  s time  slazu.  Ocekujem  da 
cemo  ustanoviti  zbog  cega  ucenici  imaju  poteskoca  u samostalnom  ucenju  otkri- 
vanjem uz  pomoc  racunala  i programa  GeoGebra  na  temelju  sustavnog  pracenja 
i kritickog  propitivanja  te  da  cemo  zajednicki  prevladati  poteskoce  pri  usvajanju 
matematickih  sadrzaja  novim  oblicima  i metodama  rada. 

Stoga  smo  problem  ovog  akcijskog  istrazivanja  iskazali  pitanjem: 

Kako  pomoci  ucenicima  da  samostalno  usvajaju  nove  matematicke  poj- 
move,  koncepte  i ideje  ucenjem  otkrivanjem  uz  pomoc  racunala  i racunalnog 
programa  dinamicke  geometrije  GeoGebra"! 

Potvrdu  za  ispravnost  odluke  da  prethodno  defmirani  problem  istrazim  ko- 
risteci  akcijsko  istrazivanje  nasla  sam  u knjizi  “Metode  istrazivanja  u obrazovanju” 
(Cohen,  Manion  i Morrison,  2007,  str.  226)  gdje  se  navodi  da  se  akcijska  istrazivanja 
mogu  koristiti  za  istrazivanje  metoda  poucavanja  - zamjena  tradicionalne  metode 
metodom  otkrivanja  te  pri  razvijanju  novih  metoda  ucenja.  Prema  podjeli  Zuber- 
Skerritt  (vidi  Cohen  i dr,  2007,  str.  232)  ovo  istrazivanje  je  emancipacijsko  jer 
se  sudionici  (nastavnica  i ucenici)  osjecaju  odgovornima  za  rjesavanje  iskazanog 
problema  kojeg  ce  nastojati  rijesiti  kroz  ciklicki  proces:  plan  - akcija  - promatranje 
-refleksija.  Kako  bi  u tome  bill  sto  uspjesniji  planira  se  provodenje  aktivnosti  kroz 
tri  ciklusa  sto  je  vidljivo  u tablici  1. 


Proces  ostvarivanja  akcijskog  istrazivanja 

1.  ciklus:  Translacija  grata  kvadratne  funkcije 

Nastavni  materijal  koji  smo  koristili  nalazi  se  na  Interaktivnoj  matematici 
udruge  Normala^  i vec  su  ga  koristile  prethodne  dvije  generacije  ucenika.  Au- 
tor  materijala  je  Sime  Suljic.  Ucenici  su  sami  formirali  parove  prema  tome  s 
kime  vole  uciti.  Primjecujem  da  svaki  par  cine  ucenici  podjednakih  sposobnosti 
i predznanja  te  da  napreduju  tempom  koji  odgovara  njihovim  sposobnostima.  Ri- 
jetko  zovu  za  pomoc,  upute  su  im  jasne.  Medutim,  na  3.  vjezbi  vecina  ucenika 
je  imala  poteskoca:  “Procitali  uputu,  ali  zovu  jer  ne  znaju  sto  treba  raditi  (bolji 
ucenici ).  Neki  su  shvatili  kako  odabrati  tocku  tjemena,  ali  ne  razumiju  sto  s drugim 
tockama.”  (istrazivacki  dnevnik,  15.11.2010.)  Na  satu  je  bio  prisutan  ravnatelj  i 
kriticki  prijatelj  Zeljko  Kralj  koji  je  pazljivo  pratio  sto  se  dogada.  Nakon  sata  rekao 
je  da  se  njemu  ovakav  nacin  rada  cini  jako  zahtijevan  za  nastavnika  jer  treba  cijelo 

^ http : //www. normala.hr/interaktivna_matematika/kvadratna.htm 
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vrijeme  hodati  oko  ucenika  koji  ne  napreduju  istom  brzinom  pa  u istom  trenutku 
nastavnik  treba  vladati  svim  lekcijama  kroz  koje  oni  prolaze.  Takoder  je  primijetio 
da  nekim  ucenicima  jako  dobro  ide  dok  uocava  da  neki  drugi  uopce  ne  razumiju 
sto  trebaju  raditi  (istrazivacki  dnevnik,  15.11.2010.). 


Slike  1.  i 2.  Racunalo  u nastavi  - frontalno  ill  samostalno  (u  pam). 

Slika  1.  prikazuje  kako  smo  racunalo  i projektor  koristili  u frontalnoj  nastavi, 
dok  je  slika  2.  snimljena  za  vrijeme  dok  su  ucenici  ucili  u paru  koristeci  digitalne 
materijale.  Branko  Bognar  dao  je  u e-mail  poruci  od  14.12.2010.  svoj  osvrt  na 
ove  dvije  fotografije:  ‘Wa  prvoj  fotografiji  je  moguce  vidjeti  frontalnu  nastavu  u 
kojoj  je  dominantan  ucitelj,  dok  su  na  drugoj  fotografiji  aktivni  ucenici.  Na  licima 
ucenika  (druga  fotografija)  moguce  je  uociti  interes  i koncentriranost  na  aktivnosti 
kojima  se  have.” 

Upitnikom  2.  smo  utvrdili  u kojoj  mjeri  su  ucenici  bili  samostalni  u ucenju  te 
u dolazenju  do  zakljucaka  i jesu  li  posjecivali  te  web  stranice  kod  kuce: 


Grafikon  1 . U kojoj  mjeri  ovakvim 
nacinom  rada  samostalno  dolazis  do 
zakljucaka? 


6% 


□ 1 - nikako  ne 
uspijevam 

□ 2 


□ 3 


B4 


■ 5 - u potpunosti 
uspijevam 


Grafikon  2.  U kojoj  mjeri  si  bio/bila 
samostalan/samostalna? 


□ 1 - konstantno 
trebam  pomoc 

□ 2 


□ 3 


B 4 


■ 5 - potpuno 
samostalan/lna 


Ucenici  znaju  da  im  je  ovaj  digitalni  materijal  putem  interneta  dostupan  i kod 
kuce,  ali  na  satu  im  nisam  govorila  kako  bi  bilo  dobro  da  jos  koji  put  svrate  na  te 
stranice.  Ipak,  11  od  18  ucenika  posjetilo  je  web  stranice  od  kuce. 

Sto  se  radnog  lista  tice,  zadatke  koji  su  zahtijevali  krace  odgovore  tocno  su 
rijesili  svi  ucenici,  a zadatke  u kojima  je  trebalo  rijecima  opisati  utjecaj  parametara 
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na  graf  rijesila  je  oko  polovica  ucenika.  Vecina  ucenika  imala  je  problema  sa 
zadatkom  19.  (odrediti  jednadzbu  kvadratne  funkcije  sa  skice)  te  sa  zadatkom  20. 
(crtanje  grafa  kvadratne  funkcije)  pa  smo  ova  rjesenja  analizirali  i rijesili  jedan 
primjer  na  ploci.  U razgovoru  s ucenicima  nekolicina  je  uocila  da  je  problem  u 
tome  sto  su  ucili  uz  pomoc  racunala,  a ispituje  ih  se  na  papiru  (istrazivacki  dnevnik, 
23.11.2010.) 

Analiza  kratke  pisane  provjere  koja  je  sadrzavala  dva  zadatka  crtanja  grafa 
(kao  u zad.  20.)  te  tri  zadatka  ocitavanja  jednadzbe  funkcije  sa  slike  (kao  u zad. 
19.)  pokazala  je  jako  dobre  rezultate  i napredak  kod  vecine  ucenika: 


Grafikon  3.  Rezultati  kratke  pisane 
provjere  ucenika 

nedovoljan 

odiican 
32% 


vrio  debar 
28% 


Nakon  refleksije  prvog  ciklusa,  rezultate  sam  dostavila  kritickim  prijateljima. 
Zeljko  Kralj  bio  je  u kontaktu  sa  mnom  i razredom  vrlo  cesto,  pregledao  je  ucenicke 
radove  i nije  imao  primjedbi  osim  da  bi  neki  ucenici  trebali  biti  uredniji  kod  cr- 
tanja grafova.  Branko  Bognar  je  predlozio  da  pokusam  sakupiti  vise  kvalitativnih 
podataka. 


2.  dklus;  Nultocke  polinoma  drugog  stupnja  i njegov  graf 

Digitalni  nastavni  materijal  za  ovu  temu  pokusala  sam  napraviti  sama  (dva 
dinamicna  apleta  i radni  list).  Ucenici  su  na  prvom  satu  u informatickoj  ucionici 
(23.11.2010.)  imali  poteskoca  sa  shvacanjem  uputa  pa  je  Sime  Suljic  pomogao  da 
se  materijal  doradi  i prepravi  tako  da  smo  na  iducem  satu  (25.11.2010.)  krenuli 
po  novom  materijalu^  te  sam  taj  sat  snimala  kamerom.  Nakon  pregledavanja  video 
snimke  u istrazivacki  dnevnik  30.11.  sam  zapisala:  “Profesorica  sece  razredom, 
nastoji  biti  nenametljiva,  gleda  iza  leda  ucenika  sto  oni  rade  te  se  uplice  ako  prim- 
ijeti  da  nesto  nisu  dobro  shvatili.  Ucenici  rade,  rijetko  ju  zovu,  eventualno  ako  je 
u blizini,  cesce  se  obrate  susjedu  za  pomoc.”  Na  tom  satu  zabiljezeno  je  nekoliko 
fotografija: 

^ http : //free-bj . t-com.hr/zbjelanovic/apleti/nultocke .html 
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Slike  3.  i 4.  Rad  ucenika  na  digitalnom  materijalu  i radnom  listu. 

Sime  Suljic  dao  je  svoje  videnje  fotografija:  “Prva  fotografija  prikazuje  radni 
materijal  - aplet  i rad  ucenika  u paru.  Ocito  je  da  raspravljaju  svoje  ideje.  Ucenica 
u redu  nasuprot  udubljena  u problem.  Na  drugoj  slid  ucenici  ispunjavaju  radni 
list.  Pritom  se  oslanjaju  na  interaktivni  sadrzaj  na  racunalu.  Izgleda  da  povremeno 
provjeravaju  rezultat  na  kalkulatoru.  Fotografija  mi  govori  daje  radna  temperatura 
visoka.” 

Nakon  ovog  sata  preostale  nastavne  teme  obradivali  smo  u razredu,  a dio  i s 
GeoGebrom  frontalno  na  LCD  projektoru  te  se  trebalo  pripremiti  za  pisanu  provjeru 
znanja  iz  ove  cjeline.  Rezultate  3.  pisane  provjere  mozemo  usporediti  s rezultatima 
prethodnih  dviju: 


U obje  prethodne  pisane  provjere  prolaznost  je  bila  65%,  dok  je  u 3.  pisanoj 
provjeri  80%.  Osim  opadanja  broja  negativnih  ocjena  primjecuje  se  rast  broja 
odlicnih  ocjena.  Zeljko  Kralj  je  pregledao  ucenicke  radove  te  razgovarao  s 
ucenicima.  Vrlo  je  zadovoljan  postignutim  rezultatima  (istice  prolaznost  od  80%), 
ali  je  zamjerku  uputio  onim  ucenicima  koji  pisu  i crtaju  nezasiljenom  olovkom  te 
koordinatni  sustav  crtaju  bez  ravnala. 

Kako  bi  upotpunili  refleksiju  2.  ciklusa  i dobili  videnja  ucenika  o ostvarivanju 
kriticko-refleksivne  prakse,  organizirali  smo  grupni  polustrukturirani  intervju. 
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Odgovori  ucenika  u grupnom  polustrukturiranom  intervjuu 

Prednosti 

• zanimljivije 

• lakse  se  usvaja  gradivo  jer  ima  puno  primjera 

• samostalno  dolazenje  do  zakljucka  je  poticajno 

• ost^e  dulje  u sjecanju 

• mozemo  si  vizualizirat  to  sto  radimo,  vizualno  vise  zapamtimo 

• mozemo  ici  svojim  tempom 

• mozemo  vise  puta  proci  istu  stvar  ako  nam  nije  jasno  da  si 
razjasnimo 

• materijal  na  webu,  mozemo  pogledati  kod  kuce 

Nedostatci 

• nije  nam  objasnjeno  kako  vi  objasnite 

• problem  s razumijevanjem  uputa 

• kompjuter  nacrta  automatski,  a mi  to  trebamo  postepeno 

• trebalo  bi  najvaznije  zapisati  u biljeznicu 

Prijedlozi 
za  poboljsanje 

• bolje  je  u paru  nego  kad  smo  sami,  mozemo  diskutirat  s partnerom 

• da  imamo  radni  list  na  koji  pisemo 

• ovo  je  bolje  za  vjezbu  nego  za  ucenje,  da  na  kompjuteru  vjezbas 
tek  kad  shvatis 

• kad  bi  klizaci  bili  precizniji,  da  ne  preskacu,  da  mozemo  provjeriti 
zadacu, 

• povratna  informacija,  ako  smo  dali  krivi  odgovor  da  kompjuter 
izbaci  tocan 

Tablica  2.  Grupni  intervju  (izdvojeno  iz  transkripta  i kategorizirano) . 


3.  ciklus:  Definicije  trigonometrijskih  funkcija  siljastog  kuta 

Za  ovu  temu  Sime  Suljic  i ja  zajednicki  smo  prilagodili  materijal  na  njemackom 
Andreasa  Meiera^ . Pisala  sam  mu  da  nam  dozvoli  koristenje  i prilagodbu  materijala 
na  hrvatski,  a posto  nije  odgovorio  odlucili  smo  postupiti  prema  Creative  Common 
licenci  (dijeli  pod  istim  uvjetima).  Prilagodili  smo  materijal®  te  naveli  tko  je 
izvorni  autor.  Meier  je  pripremio  dosta  zanimljivih  interaktivnih  vjezbi,  a posto  bi 
njihova  prilagodba  zahtijevala  puno  vremena,  odlucili  smo  da  ucenici  vjezbaju  na 
originalnim  njemackim  vjezbama. 

Taj  sat  odrzan  je  16.12.2010.  u informatickoj  ucionici.  Ucenici  su  mogli  birati 
zele  li  raditi  u paru  ili  samostalno.  Opet  smo  snimali  video  kamerom  te  fotoa- 
paratom.  U istrazivackom  dnevniku  16.12.  je  zabiljezeno:  “Vidi  se  poboljsanje 
u snalazenju  ucenika,  vjezbe  su  motivirajuce,  a sakupljanje  bodova  ih  posebno 
veseli.  Ucenici  s lakocom  rjesavaju  radni  list.  U nekim  Meierovim  apletima  je 
bilo  bugova  — upozorila  ucenike  kako  da  to  izbjegnu.  U 45  minuta  vecina  ucenika 
odradila  posao,  dalje  nastavljamo  po  udzbeniku.”  Nakon  pregledavanja  video 
snimke  u istrazivacki  dnevnik  18.12.  sam  zapisala:  “Profesorica  ovog  puta  vise 
govori  cijelom  razredu  pa  ju  zbog  toga  manje  zovu  na  pojedinacne  intervencije. 
Atmosfera  je  lezernija,  jedan  drugome  puno  vise  pomazu,  vesele  se  sakupljanju 
bodova.”  Pazljivo  sam  pregledala  i analizirala  prvih  20  minuta  na  obje  snimke  (do 
tada  se  ucenici  jos  nisu  poceli  javljati  da  su  gotovi)  te  izdvojila  dvije  kategorije: 
nastavnica  pomaze  ucenicima  (individualno  ili  paru)  te  nastavnica  glasno  govori 
razredu.  Biljezila  sam  koliko  puta  se  pojavila  koja  kategorija  te  koliko  je  trajala. 


® http : //www. realmath. de/Neues/lOzwo/trigo/sinuseinf .html 
® http : //free-bj . t-com. hr /zb jelanovic/aplet i/sinus .html 
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Grafikon  5.  Analiza  video  snimki  - ukupno  trajanje 
aktivnosti  nastavnice 
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Na  prvoj  snimci  (25.11.)  moze  se  prebrojati  da  je  nastavnica  pomagala 
ucenicima  (pritom  se  misli  na  tihi  razgovor  izmedu  nastavnice  i dva  ucenika  u 
paru)  ukupno  28  puta  u ukupnom  trajanju  od  12:42  minute  (63, 5%)  sto  bi  znacilo 
da  je  u prosjeku  svaki  par  samo  6, 35%  vremena  imao  pomoc  nastavnice,  dok  ostalo 
otpada  na  samostalnu  aktivnost.  Na  drugoj  snimci  (16.12.)  nastavnica  je  9 puta 
u trajanju  od  1:09  minuta  cijelom  razredu  glasno  davala  upute,  a individualno  je 
pomagala  17  puta  u trajanju  od  6:49  minuta  (34, 08%)  sto  je  u prosjeku  3, 41%  po 
uceniku  (jer  smo  imali  10  parova). 

Na  kraju  sam  sva  pitanja  i dileme  na  koje  smo  nailazili  tijekom  rada  objedinila 
te  sastavila  Likertovu  skalu  procjene  koja  ce  nam  posluziti  kao  kriticka  refleksija 
za  analizu  podataka  i provjeru  u kojoj  mjeri  smo  ispunili  nase  polazne  odgojne 
vrijednosti. 
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Tvrdnja 

Uopce 
se  ne 
slazem 

Ne 

slazem 

se 

Niti  se 
slazem, 
niti  se  ne 
slazem 

Slazem 

se 

U 

potpunosti 

se 

slazem 

1. 

Samostalno  ucenje  uz  pomoc  racunala 
omogucava  mi  l^se  usvajanje  gradiva 

20% 

65% 

15% 

2. 

Samostalno  ucenje  uz  pomoc  racunala 
mi  je  zanimljivije  nego  nastava  u 
nasem  razredu 

25% 

45% 

30% 

3. 

Racunalo  mi  omogucava  da  lakse 
samostalno  dodem  do  zakljucaka 

10% 

70% 

20% 

HI 

Racunalo  mi  pomaze  u vizualizaciji 
matematickih  pojmova 

15% 

40% 

45% 

6. 

Racunalo  me  tjera  da  razmisljam  vise 
nego  kad  je  nastava  u nasoj  ucionici 

10% 

70% 

20% 

10. 

Napredovanje  vlastitim  tempom  je 
prednost  samostalnog  ucenja  uz  pomoc 
racunala 

25% 

50% 

25% 

11. 

Zbog  toga  sto  racunalo  lako  i automatski 
crta  grafove,  kasnije  imam  poteskoca 
kad  moram  sam/a  nacrtati  graf 
olovkom  na  papiru 

5% 

20% 

40% 

30% 

5% 

12. 

Digitalni  materijali  dostupni  putem 
weba  omogucuju  mi  da  si  kod  kuce 
ponovim  i razjasnim  sto  na  satu  nisam 
dobro  shvatio/la 

10% 

30% 

60% 
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15. 

Povratna  informacija  o tocnosti  nasih 
odgovora  olaksava  mi  pracenje  sadrzaja 

10% 

75% 

15% 

17. 

Radni  list  na  koji  olovkom  upisujem 
odgovore  pomaze  mi  da  bolje  pratim 
sadrzaje  na  digitalnom  materijalu 

15% 

60% 

25% 

Tablica  3.  Likertova  skala  procjene  (izvadak  iz  upitnika  3). 


Interpretacija  akcijskog  istrazivanja 

Kao  polaziste  za  ovo  istrazivanje  uzeli  smo  teoriju  konstruktivizma  koja 
naglasava  da  znanje  nastaje  aktivnoscu  ucenika  te  praksu  koja  pokazuje  da  to 
nije  lako  izvedivo  u nastavi  organiziranoj  na  tradicionalni  nacin.  U praksi  smo 
uocili  da  jedan  dio  ucenika  ima  ozbiljnih  problema  pri  usvajanju  matematickih 
sadrzaja  pa  se  pitamo  kako  postici  aktivnost  svih  ucenika  na  satu  te  kako  poticati 
samostalnost  u ucenju.  To  su  bile  polazne  vrijednosti  od  kojih  smo  krenuli.  I kao 
sto  Kumik  (2008)  predlaze,  htjeli  smo  postici  da  ucenici  vlastitim  snagama  dolaze 
do  vlastitih  spoznaja  i na  taj  nacin  stjecu  nova  znanja  te  smo  se  odlucili  za  ucenje 
uz  pomoc  racunala.  Medutim,  ne  misli  se  na  koristenje  racunala  u frontalnoj  nas- 
tavi uz  LCD  projektor  ili  pametnu  plocu  (Slika  1.)  nego  da  svatko  radi  za  svojim 
racunalom  (Slika  2.).  Ako  tomu  dodamo  Polyin  heuristicki  pristup  ucenju  (Polya, 
2004)  tada  je  samostalno  ucenje  otkrivanjem  jedno  od  mogucih  rjesenja  pocetnog 
problema. 

S obzirom  da  je  u istrazivanju  prikupljeno  podosta  kvalitativnog  i kvanti- 
tativnog  materijala,  njihovo  uskladivanje  ce  posluziti  kao  postupak  triangulacije 
cime  cemo  nastojati  izbjeci  jednostranost  kvalitativne  analize  podataka  te  doci  do 
vrijednih  zakljucaka. 

Iz  slika  2.,  3.  i 4.  vidljivo  je  da  smo  postigli  aktivnost  svih  ucenika  na  satu. 
To  potvrduju  i rezultati  pisanih  provjera  koji  su  znatno  bolje  nego  inace.  U kratkoj 
provjeri  (grafikon  3)  trecina  ucenika  ocijenjena  je  odlicnim,  dok  je  u trecoj  pisanoj 
provjeri  (grafikon  4)  80%  ucenika  ocijenjeno  pozitivnom  ocijenom.  Ucenici  kao 
prednost  isticu  napredovanje  vlastitim  tempom  (75%  ucenika,  tablica  3,  tvrdnja 
10)  te  cinjenicu  da  vise  puta  mogu  ponoviti  isti  postupak  dok  si  ne  razjasne  prob- 
lem. 90%  ucenika  (tablica  3,  tvrdnja  6)  smatra  da  ih  racunalo  tjera  na  razmisljanje 
vise  nego  tradicionalno  organizirana  nastava.  Za  pretpostaviti  je  da  sve  to  utjece 
na  vecu  aktivnost  ucenika  na  satu.  Nadalje,  primjecuje  se  da  ucenici  i kod  kuce 
samoinicijativno  posjecuju  web  stranice  s nastavnim  materijalima  (upitnik  2,  61% 
ucenika)  te  da  im  dostupnost  putem  weba  omogucuje  da  si  kod  kuce  razjasne  sto 
nisu  shvatili  u skoli  (90%  ucenika,  tablica  3,  tvrdnja  12). 

Analiza  video  snimki  (grafikon  5)  ukazuje  na  povecanje  samostalnosti  pri 
cemu  razlikujemo  samostalnost  u cjelokupnom  procesu  ucenja  i samostalnost  u 
dolazenju  do  zakljucaka.  U prvom  ciklusu  (grafikoni  1.  i 2.)  moze  se  primijetiti 
da  su  ucenici  samostalniji  u dolazenju  do  zakljucaka  (28%)  nego  u ucenju  uz 
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pomoc  racunala  ukupno  gledajuci  (6%).  To  objasnjavamo  time  sto  su  ucenici  is- 
prva  imali  poteskoca  s pracenjem  uputa  te  su  cesce  pozivali  nastavnika  u pomoc  ili 
se  konzultirali  s drugim  ucenicima  da  bi  nakon  shvacanja  upute  lako  dosli  do  za- 
kljucka  uz  pomoc  racunala.  Samostalno  dolazenje  do  zakljucaka  ucenici  smatraju 
poticajnim  (tablica  2),  a to  je  ono  cemu  tezimo. 

Kvalitativni  podaci  (fotografije,  video  snimke,  izjavekritickihprijatelja,  grupni 
intervju)  ukazuju  na  vrijednost  racunalom  potpomognutog  ucenja.  75%  ucenika 
smatra  da  im  je  ovakav  nacin  ucenja  zanimljiviji  od  tradicionalne  nastave  (tablica 
3,  tvrdnja  2).  Omogucava  im  lakse  usvajanje  gradiva  (80%  ucenika,  tablica  3,  tvrd- 
nja  1)  jer  racunalo  u kratkom  vremenu  moze  generirati  vise  razlicitih  primjera,  a 
pomaze  i u vizualizaciji  matematickih  objekata  (85%  ucenika,  tablica  3,  tvrdnja  4). 
Racunalo  daje  brzu  povratnu  informaciju  sto  ucenicima  olaksava  pracenje  sadrzaja 
digitalnih  materijala  (90%  ucenika,  tablica  3,  tvrdnja  15),  a vjezbe  sa  sakupljanjem 
bodova  ih  posebno  motiviraju. 

Medutim,  uoceni  su  i nedostatci  ovakvog  nacina  rada.  Ucenici  uce  uz 
pomoc  racunala,  a provjerava  ih  se  pisanim  provjerama  znanja  na  papiru.  Jedan  od 
nacina  kako  ublaziti  ovu  kontradikciju  jest  koristenje  radnog  lista  kojeg  ce  ucenici 
ispunjavati  paralelno  s proucavanjem  sadrzaja  digitalnog  materijala.  85%  ucenika 
(tablica  3,  tvrdnja  17)  se  izjasnilo  da  im  radni  list  pomaze  da  lakse  prate  sadrzaj. 
Jos  bolje  rjesenje  bilo  bi  osmisliti  provjeru  znanja  takoder  na  racunalu.  Nadalje, 
primjecuje  se  da  neki  ucenici  imaju  poteskoca  s crtanjem  grafova  na  papiru  jer 
racunalo  automatski  nacrta  graf  (tablica  3,  tvrdnja  11,  komentari  Zeljka  Kralja). 
Uocen  je  i problem  razumijevanja  uputa,  a uglavnom  se  pojavljuje  kod  onih  ucenika 
koji  i inace  imaju  poteskoca  s razumijevanjem  zadatka.  Rjesenje  ovog  problema 
moze  se  potraziti  u heuristickom  pristupu  ucenju  i umijecu  otkrivanja  (Polya,  2004) 
te  bi  se  trebalo  rjesavati  kontinuirano  bez  obzira  na  nacin  organizacije  nastave. 

Promjene  koje  sam  ovim  akcijskim  istrazivanjem  uspjela  uvesti  u svom  nas- 
tavnom  procesu  rezultat  su  raznih  cinitelja:  spremnosti  i mene  i ucenika  za  djelo- 
vanje  na  temelju  postavljenih  vrijednosti,  stalna  suradnja  i uvazavanje  svacijeg 
misljenja,  odgovornost  ucenika  za  vlastiti  napredak,  pomoc  i savjeti  kritickih  pri- 
jatelja  te  samokriticko  uvazavanje  njihovih  primjedbi.  Za  razliku  od  prethodnih 
generacija  ucenika,  ovi  ucenici  su  puno  ozbiljnije  pristupili  ucenju  uz  pomoc  racun- 
ala cemu  je  uvelike  doprinio  proces  akcijskog  istrazivanja,  a posebice  refleksija 
nakon  svakog  ciklusa. 

Kriticki  prijatelj  Zeljko  Kralj  nakon  analize  prikupljenih  podataka  izveo  je  opci 
zakljucak:  “Ucenjem  uz  pomoc  racunala  ucenik  iz  pasivnog  promatraca  prelazi  u 
aktivnog  sudionika,  a time  i njegova  motivacija  za  ucenje  postaje  veca.”  Medutim, 
to  ne  znaci  da  je  nase  akcijsko  istrazivanje  zavrseno,  sada  se  otvaraju  nove  per- 
spektive,  uocavaju  se  problemi  i eventualna  rjesenja,  mogucnosti  za  poboljsanje,  a 
pitanja  kojima  cemo  se  ubuduce  baviti  su: 

• ugradnja  Polyinog  heuristickog  ucenja  u dinamicko  okruzenje  za  ucenje, 

• provjera  znanja  koristenjem  racunala  i interaktivnih  digitalnih  materijala, 

• izrada  novih  i poboljsanje  postojecih  digitalnih  materijala  (ovo  je  2.  cilj  koji 
je  ostvaren  u okviru  akcijskog  istrazivanja,  a za  daljnje  provodenje  ovakvog 
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nacina  poucavanja  potrebno  je  osigurati  nove  kvalitetne  digitalne  nastavne 
materijale). 


Zakijucak 

Ucenje  matematike  otkrivanjem  uz  pomoc  racunala  i programa  dinamicke  ge- 
ometrije Geogebra  te  uz  metodicki  osmisljene  i didakticki  oblikovane  interaktivne 
digitalne  obrazovne  materijale  osigurava  aktivnost  svih  ucenika  u razredu,  povecava 
motivaciju  za  ucenje  matematike,  potice  samostalno  dolazenje  do  zakljucaka,  ali  i 
suradnju  medu  ucenicima.  Pritom  je  vazno  da  ucenik  sam  ili  u paru  uci  na  svom 
racunalu,  da  sam  pokusa  otkriti  nove  spoznaje.  Tako  steceno  znanje  dulje  ce  ostati 
u pamcenju,  a ucenik  ce  nauciti  misliti,  svaki  novi  problem  puno  lakse  rijesiti  te 
ovladati  umijecem  otkrivanja. 

Medutim,  je  li  ovo  izvedivo  u nastavnoj  praksi,  uvelike  ovisi  o skolskim  uvje- 
tima.  Pokazalo  se  kako  su  ucenici  spremni  na  suradnju  pri  uvodenju  promjena 
u nastavi,  ali  ako  nastavnik  matematike  nije  u mogucnosti  koristiti  informaticku 
ucionicu  za  potrebe  svoje  nastave,  tada  nece  moci  provesti  ideje  opisane  u ovom 
radu.  Ipak,  nadam  se  da  ce  citanje  rada  potaknuti  i druge  nastavnike  da  pokusaju 
uvesti  promjene  u svojoj  pedagoskoj  praksi  u skladu  sa  skolskim  uvjetima  u kojima 
rade. 
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5. 

Sto  moze  promijeniti  ucitelj  matematike 


U petom  poglavlju  autori  u svojim  clancima  daju  pregled  uzroka  slabog  uspjeha 
u nastavi  matematike  te  sagledavaju  posljediee  takvoga  stanja.  Komentiraju  neka 
opca  pitanja  o kojima  ovisi  prihvacanje  matematike  kao  neophodnog  znanstvenoga 
podrucja  od  strane  sire  drustvene  zajedniee.  Istrazivanja  pokazuju  da  stav  djeteta 
prema  matematici  znacajno  ovisi  o stavovima  njegovih  roditelja,  ali  i stavu  nje- 
gova  ucitelja.  Takoder  se  analiziraju  pitanja  vezana  za  udzbenike,  a komentira  se  i 
nastavnicka  perspektiva  u Hrvatskoj. 


3.  meclunarodni  znanstveni  skup 
MATEMATIKA  I DIJETE 
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Slab  uspjeh  u nastavi  matematike: 
uzroci  i posljedice 
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Sazetak.  Slab  uspjeh  kao  i nizak  nivo  znanja  iz  matematike  nije 
pusta  pretpostavka,  vec  je  cinjenica  koja  je  potkrijepljena  konstataci- 
jama  vecine  izvjestaja,  kako  iz  osnovnih  tako  i iz  srednjih  skola.  Vecina 
anketiranih  ucenika  matematiku  karakterizira  kao  tesku,  nerazumljivu, 
nezanimljivu,  prezahtjevnu. 

Nesumnjivo  “krivaca”  za  los  uspjeh  na  polju  matematike  na  svim 
nivoima  ima  mnogo,  te  praviti  klasifikaciju  i hijerarhisku  Ijestvicu 
bilo  bi  nezahvalno  i neodgovorno.  Naime,  nema  odredenog  i jasno 
definiranog  stava  da  bi  se  “krivac”  mogao  identificirati  te  kao  takvog 
ili  eliminirati  ili  smanjiti  na  najmanju  mogucu  mjeru.  Ono,  sto  bi 
se  u vecini  strucnih  izvjestaja  moglo  izdvojiti,  kao  najcesce  spomin- 
jani  razlozi  su  neadekvatni  i prebukirani  nastavni  planovi  i programi, 
prekobrojna  odjeljenja,  losa  strucna  osposobljenost  nastavnika,  neo- 
premljenost  skola,  losi  udzbenici,  zastarjeli  i prevazideni  metodicko  - 
didakticki  oblici  rada,  losi  porodicni  uslovi  uvjetovani  niskim  standar- 
dom  zivljenja  i tome  slicno. 

Od  navedenog,  kao  i od  drugih  nenavedenih  uzroka,  nezahvalno  bi 
bilo  izdvojiti  neke  konkretne  faktore,  jer  neuspjeh  u nastavi  matematike 
je  funkcija  svih  tih  faktora. 

Vecina  nabrojanog  uglavnom  uporiste  trazi  u vanskolskim 
uzrocnicima,  zanemarujuci  cinjenicu  da  glavne  potencijalne  krivce 
treba  prvenstveno  traziti  u skoli,  nastavi,  nacinu  izvodenja  nastave, 
odnosno  potrebno  je  prvo  temeljno  odgovoriti  na  pitanja  ko?,  na  koji 
nacin?  i sta?  predaje.  Nesumnjivo  da  bi  jedan  kvalitetan  odgovor 
na  postavljena  pitanja  barem  djelomicno  rasvijetlio  pojam  neuspjeha  u 
nastavi  matematike. 

Na  navedenu  konstataciju  ukazuju  mnoge  dosada  objavljene  anal- 
ize,  bazirane  na  nizu  obavljenih  testiranja,  anketiranja,  na  pedagoskoj 
dokumentaciji,  kako  na  nasim  prostorima  tako  i u svijetu.  Takoder 
smo  svjedoci  dispariteta  u ocjenama  i nacinu  ocjenjivanja  kod  razlicitih 
nastavnika  u okvirima  jednog  nastavnog  predmeta,  a da  ne  ukazujemo 
na  razlicite  predmete.  Cinjenica  da  svrseni  osnovnoskolci  u srednju 
skolu  dolaze  najvecim  dijelom  sa  visokim  ocjenama  iz  matematike, 
bas  kao  sto  svrseni  srednjoskolci  odlaze  na  fakultete  takoder  sa  vrlo 
visokim  ocjenama. 
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U toku  skolovanja  u srednjoj  skoli,  sto  je  pogotovo  evidentno  na 
prvoj  polugodisnjoj  klasifikaciji,  rezultati  su  mnogo  slabiji  od  rezultata 
donesenih  iz  osnovne  skole,  da  bi  se  na  kraju  skolske  godine  situacija 
malo  poboljsala,  ali  opet  s uocljivom  razlikom  izmedu  zakljucnih  oc- 
jena  osmog  razreda  osnovne  i prvog  razreda  srednje  skole.  Disparitet  u 
ocjenama  iz  nastavnog  predmeta  matematike  ne  pojavljuje  se  samo  kao 
proizvod  razlicitih  kriterija  pri  ocjenjivanju  ucenika,  vec  na  njega  imaju 
utjecaj  i dmgi  faktori  koje  smo  imali  namjeru  ako  ne  u potpunosti  onda 
barem  dijelom  razotkriti.  Rezultati  istrazivanja  bi  trebali  omoguciti 
prakticnu  akciju  na  podrucju  nastave  matematike  cime  bi  se  barem  dio 
uzroka  loseg  uspjeha  u nastavi  matematike;  ako  ne  u potpunosti  onda 
barem  dijelom,  otklonio. 


Kljucne  rijeci:  Skola,  matematika,  uspjeh,  nastava,  planovi, 
metode 


Da  li  je  stepen  razvijenosti  drustva  neposredna  posljedica  vaspitanja,  a time  i 
obrazovanja,  ili  je  pak  stepen  vaspitanja  i obrazovanja  neposredno  uslovljen  razvo- 
jem  drustva,  pitanje  je  vrlo  diskutabilno  i ostaje  uvijek  otvoreno.  U okvirima  toga  i 
skola,  kao  vazan  faktor  u sistemu,  direktno  ili  indirektno  utice  na  postojanje,  razvoj 
i promjene  drustva  u najsirem  smislu. 

Globalno  nezadovoljstvo  kao  posljedica  manjkavosti  vecine  drustvenih  sis- 
tema,  a sto  je  opet  posljedica,  izmedu  ostalog,  nivoa  i nacina  loseg  vaspitno- 
obrazovnog  djelovanja,  nije  postedjelo  ni  nase  prostore,  te,  objektivno  gledajuci, 
u okruzenju  gdje  kvantitet  masovno  potiskuje  kvalitet  na  svim  nivoima,  mladim 
pokoljenjima  ne  garantuje  nimalo  svijetlu  buducnost. 

Vaspitno-obrazovne  ustanove  postale  su  kvantitativno  i kvalitativno,  po  nacinu 
rukovodenja  i uopste  po  samom  funkcionisanju,  ustanove  sa  statusom  vrlo  vi- 
soke  produktivnosti  nekvalitetnog  “proizvoda”,  koji  opet  direktno  ili  indirektno 
djeluje  na  postojece  drustvene  odnose.  Korekcije  ili  popravke,  ili  pak  unistavanje 
kompletne  serije  materijalnih  proizvoda  sa  greskom  u privredi  je  relativno  lako 
nadoknaditi,  no  generacija  lose  odgojenih  ili  obrazovanih  ucenika  predstavlja  ne- 
nadoknadiv  i vrlo  opasan  promasaj,  za  ciju  korekciju  treba  mnogo  dodatnog  napora, 
materijalnih  sredstava  i vremena. 

Vaspitno-obrazovni  proces  je  kontinuiran  proces  koji  se  obavlja  u svako  vri- 
jeme  i na  svim  mjestima  u raznim  oblicima  i vidovima,  a samo  prisustvo  komu- 
nikacijskih  kao  i interakcijskih  veza  nuzan  je  i neizostavan  oblik  i nacin  sa  kojim 
ucesnici  prenosenja  informacija  obavljaju  i uspostavljaju  kontakte,  razmjenjuju 
informacije,  jacaju  veze,  te  se  i na  taj  nacin  intelektualno  i kulturno  uzdizu. 

Nastava  kao  kontinuirani  proces  neodrziva  je  bez  interakcijskih  veza  izmedu 
ucenika  i ucenika,  ucenika  i nastavnika,  ucenika  i nastavnih  sadrzaja,  pa  se  samo  po 
sebi  namece  kao  zakljucak  da  takve  veze  treba  njegovati,  obogacivati  i sadrzajno 
unapredivati.  Naime,  nedostatak  interakcijskih  odnosa  izmedu  ucenika  i ucenika, 
ucenika  i nastavnika  moze  rezultirati  negativnim  ishodima  kako  za  vrijeme  tako  i 
poslije  redovnog  skolovanja.  Interakcijska  saradnja  utice  na  razvoj  misaonih  ak- 
tivnosti,  jacanju  samopouzdanja,  sigurnosti  kao  i pronalazenju  najboljih  odgovora 
i rjesenja.  Podizanje  nivoa  matematicke  kulture  javlja  se  kao  neizbjezna  pojava 
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uzrokovana  razvojem  matematike,  koja  opet,  sa  druge  strane,  svoj  razvoj  duguje  sve 
vecim  i vecim  zahtjevima  drustva  kao  i trendovima  drugih  nauka.  Nastali  raskol 
izmedu  matematicke  kulture  koja  se  njeguje  kroz  nastavu  matematike  i naucne 
matematike,  matematike  koja  ce  imati  konkretnu  primjenu  ne  samo  u materijalnom 
vec  i u duhovnom  dobru,  mozemo  potraziti  prvenstveno  u metodama  i sadrzajima 
koji  dominiraju  skolskom  ucenju  matematike. 

Egzaktnost  matematike  nije  ugrozena  sadrzajem  nastavnih  planova  i programa, 
vec  njihovom  bespotrebnom  preopsirnoscu  sto  skupa  sa  reduciranjem  broja  casova 
doprinosi  da  se  matematika  posmatra  kao  tesko  savladiva  nastavna  disciplina.  Nema 
sumnje  da  je  matematika  kao  naucna  disciplina  napravila  dubok  i sirok  prodor,  pr- 
venstveno u prirodne  nauke,  a zatim  i u brojne  drustvene,  ali  svu  nauku  ne  mozemo 
prenijeti  u nastavne  planove  i programe  za  djecu. 

Jezik,  simboli,  operativni  principi,  strogost  kao  i metode  rada  nisu  vise  prepoz- 
natljivi  samo  kod  naucnika  prirodnih  nauka,  vec  se  funkcionalnim  i strukturalnim 
razmatranjima  koriste  i istrazivaci  na  podrucju  drustvenih  nauka  (ekonomisti,  so- 
ciolozi,  pravnici,  psiholozi  i drugi).  U prilog  navedenom  najslikovitije  govori 
cinjenica  da  se  razvoj  neke  nauke  moze  posmatrati  kroz  stepen  uspjesne  primjene 
matematike  u njoj. 

Masovniji  pristup  skolovanju  je  trend  koji  se  pojavio  kao  neposredna  posljedica 
visokoindustrijalizovanog  drustva  koje  se  svakim  danom  sve  vise  i vise  razvija,  sa 
zahtjevima  za  jos  skolovanijim  strucnjacima  na  svim  poljima  drustvenog  razvoja. 
Sa  dmge  strane,  pojedinacna  znanja,  dementi  teorije,  problemski  aspekti,  dis- 
parativno  sticana  znanja,  zanemarivanje  socijalnih  aspekata,  ukazuju  na,  ako  ne 
korjenite,  onda  barem  djelimicne  promjene  u vaspitno-obrazovnom  procesu. 

Vaspitanje  i obrazovanje  kao  fundamentalni  dementi  svake  drustvene  djelat- 
nosti  ni  u kom  slucaju  ne  moze  bid  postedeno  napretka  nauke,  tehnike  i tehnologije, 
pogotovo  uzimajuci  u obzir  sveopste  nezadovoljstvo  efikasnoscu  skolskih  sistema. 
Za  realizaciju  brzeg  i ekonomicnijeg  nacina  skolovanja  nije  dovoljno  znati  samo 
sta  je  nuzno  uciti,  vec  i kako  uciti.  Jos  davne  1613.  godine  predlozeno  je  od 
strane  Ratkea,  da  se  u nastavni  proces  ugrade  i vjestine  poucavanja.  Pored  niza 
ponudenih  rjesenja,  nije  pronaden  unikatan  model  ucenja,  cime  se  nametnuo  za- 
kljucak  da  jedinstvenog  modela  nema,  vec  je  potrebno  koristiti  razne,  medusobno 
isprepletane  metode,  kako  bi  i rezultati  bill  bolji. 

Kada  i koju  metodu  primijeniti  u nastavnom  procesu  prvenstveno  je  stvar 
gradiva  koje  je  nuzno  kvalitetno  obraditi  sa  ucenidma,  a zatim  i nastavnika  u kome 
se  ogleda  velicina  dobrog  metodicara,  didakticara,  pedagoga  i ucitelja.  Sa  druge 
strane,  ono  sto  u sustini  predstavlja  nocnu  morn,  prvenstveno  pedagoga,  jeste  cin- 
jenica da  ce  zivotni  kontekst  buducih  generacija  biti  drugaciji  od  danasnjeg,  a o 
tome  kakva  ce  ta  buducnost  biti,  moze  se  samo  nagadati,  jer  ona  ovisi  od  mnogih 
faktora. 

Nastavnik  je  u sustini  nezamjenjiv  akter  nastavnog  procesa,  ali  se  namece 
pitanje  u kojoj  mjeri  je  njegova  prisutnost  neophodna.  Zasto  sputavati  ucenike  da 
samostalno  uce  i grade  svoj  svijet?  Zasto  predavacko-receptivni  oblik  edukacije  ne 
zamijeniti  jednostavnijim  dijalogom? 
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Iz  godine  u godinu  ponavljaju  se  poznati  problemi  vezani  za  razlicite  nivoe 
predznanja  koja  djeca  donose  sa  sobom  prilikom  upisa  u prvi  razred,  sto  je  narocito 
izrazeno  u oblasti  matematike.  Zasto  je  to  tako?  Ranija  praksa  nije  u velikoj  mjeri 
poznavala  predskolsko  obrazovanje,  te  se  prihvatalo  da:  “polozaj  matematike  u 
razrednoj  nastavi,  kao  i u osnovnoj  skoli  opcenito,  odreden  je  njenom  odgojno- 
obrazovnom  funkcijom.  Naime,  usvajanjem  matematickih  sadrzaja  ucenici  se  ne 
osposobljavaju  za  neko  zanimanje,  vec  se  prvenstveno  odgajaju  i obrazuju,  pa  se  s 
pravom  moze  reci  da  pocetna  nastava  matematike  ima  iskljucivo  odgojnu  i opceo- 
brazovnu  funkciju.  No  osim  ove,  matematika  u razrednoj  nastavi  ima  i znacajnu 
propedeuticku  funkciju,  a to  je  pripremiti  ucenike  za  matematicko  odgajanje  u 
visim  razredima  osnovne  skole  (bez  znanja  matematickih  sadrzaja  razredne  nas- 
tave  ne  mogu  se  usvajati  sadrzaji  predmetne  nastave  matematike),  a zajedno  s tom 
nastavom  i za  matematicko  obrazovanje  u srednjoj  skoli”  (Markovac,  1992,  str. 
17). 

Da  predskolska  djeca  mogu  spontano  razmisljati  i racunati,  te  da  kognitivna 
sposobnost  ucenja  jezika,  sposobnost  racunanja  i pisanja  broja  moze  bid  urodena  i 
univerzalna,  nije  nikakva  novina.  Matematika,  kao  i druge  naucne  discipline  koje 
su  oslonjene  na  matematicki  aparat,  pruzaju  velike  mogucnosti  razvoja  logickog 
misljenja  i razmisljanja.  Matematicka  egzaktnost  zahtijeva  prvenstveno  misaonu 
aktivnost  utemeljenu  na  analizi,  apstrakciji,  generalizaciji  i na  kraju  zakljucku. 
“Danas  je  potpuno  jasno  da  smo  usli  u ucecu  civilizaciju  XXI  vijeka  i da  ce  biti 
sretni  oni  ljudi  koji  s lakocom  uce,  koji  se  ne  boje  nepoznatog  i novog,  koji  su 
sposobni  da  rjesavaju  probleme  i da  prate  najnovija  saznanja  nauke  i tehnike.  To 
nam  govori  da  djecu  moramo  od  ranih  pocetaka  zivota  osposobljavati  za  ucenje, 
omoguciti  im  da  zavole  ucenje.  Ovim  predskolska  pedagogija  dobija  posebnu 
vrijednost  i izuzetan  znacaj”  (Suzic,  2006,  str.  10). 

Ova  dva  navedena  stava  puno  govore,  iako  ih  ne  dijeli  veliko  vremensko  raz- 
doblje,  ipak  se  moze  primijetiti  da  metodika  devedesetih  godina  nije  naglasavala 
ucenje  matematike  u predskolskom  vaspitanju,  dok  su  zahtjevi  XXI  vijeka  na 
mnogo  visem  nivou.  Predskolsko  vaspitanje  nije  u ranijim  godinama  zvanicno 
prejudicirano,  ali  ono  je  postojalo  kao  formalno,  neformalno  i na  kraju  tehnicko. 
O postojanju  predskolskog  vaspitanja  i u ranijim  stadijumima  ljudskog  razvitka 
najrjecitije  kazuje  i defmicija  predskolskog  vaspitanja  u kojoj  se  kaze  da  je  to: 
“svjestan,  svrsishodan  i manje  ili  vise  organizovan  proces  razvoja  individualnosti  i 
drustvenosti  predskolskog  djeteta,  drustveno  determinisan  i individualno  obiljezen 
sistem  aktivnosti,  djelatnosti  i procesa  koji  uticu  na  sveokupno  formiranje  djeteta 
od  rodenja  do  polaska  u skolu”  (ibidem,  str.  10). 

Da  bismo  govorili  o znacaju  ranog  starta  u nastavi  matematike,  prvo  treba 
da  razjasnimo  principe  predskolskog  vaspitanja.  “Polazeci  od  najhumanijih  zaht- 
jeva,  od  slobode  i srece  kao  vrhovnog  principa,  principe  predskolskog  vaspitanja 
mozemo  predstaviti  u sljedecoj  nomenklaturi: 

- princip  optimalizacije  razvoja  djetetovih  potencijala, 

- princip  igre  i igrovnih  aktivnosti, 

- princip  nenasilne  komunikacije, 

- princip  spontanosti  i organizovanosti, 

- princip  primjernosti  (Suzic,  2006,  str.  11). 
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Navedeni  principi  su  sasvim  jasni  i konkretni,  iako  odgovori  na  pitanja  as- 
pekta  humanosti,  te  pedagoske  opravdanosti  pomjeranja  granice  tehnickog  odgoja 
nisu  u potpunosti  dati.  Naime,  odgovori  su  dosta  teski  i slozeni,  iako  dosadasnja 
iskustva  sa  predskolskim  vaspitanjem  u Francuskoj  nepobitno  ukazuje  da  preovla- 
dava  misljenje  da  ce  dominantni  uticaj  u naucnoj  i tehnickoj  superiornosti  imati 
zemlje  ciji  vaspitno-obrazovni  sistem  bude  zacet  sto  ranije. 

Ako  je  vrhovni  princip  predskolskog  vaspitanja  sloboda  i sreca,  te  “ako  ce 
organizovan  sistem  predskolskog  vaspitanja  donijeti  vise  slobode  i srece  djeci, 
tada  je  opravdano  koristiti  civilizacijska  saznanja  u te  svrhe”  (Suzic,  2006,  str. 
12).  Sa  aspekta  matematike,  rani  start  bi  trebao  da  odgaja  i obrazuje  djecu  u 
pravcu  razvoja  psihickih,  posebno  intelektualnih  sposobnosti  ucenika  sa  posebnim 
osvrtom  na  razvoj  logickog  misljenja,  paznje,  pamcenja,  uocavanja,  zakljucivanja, 
uspostavljanja  veza  medu  elementima,  relacijama  i tako  dalje.  Ovim  putem  dolazi 
do  izrazaja  funkcionalna  komponenta  koja  se  ogleda  u razvoj  u psihickih  i intelek- 
tualnih sposobnosti  djece,  kao  i odgojna  komponenta  koja  jaca  sa  formiranjem  i 
nadgradnjom  pozitivnih  karakteristika  ucenikove  licnosti. 

Iako  svaki  od  navedenih  principa  direktno  ili  indirektno  ima  uticaj  i na  po- 
jmovna  shvacanja  matematickih  vjestina,  ipak  necemo  ovdje  dublje  ulaziti  u 
sveobuhvatnost  predskolskog  vaspitanja  kroz  navedene  principe,  vec  cemo  se  os- 
vmuti  na  kognitivni  proces  razvoja  matematickog  misljenja. 

Misljenje  kao  proces  sa  svim  svojim  nejasnocama  i tajnama  mozemo  prih- 
vatiti  kao  posljedicu  unutrasnjeg  instinktivnog  nagona,  poznatog  nam  pod  nazivom 
znatizelja,  nagon  za  upoznavanjem  okolnog  svijeta  u kojem  zivimo.  Identifikovan- 
jem,  uporedivanjem,  razlikovanjem  itd.  dijete  rano  pocinje  da  razvija  svoj  razum, 
svoje  logicko  misljenje.  Sa  otkrivanjem  kategorijalnih  odnosa  (uzrok-posljedica, 
stvar-osobina,  dio-cjelina  itd.)  i sa  upoznavanjem  svrhe,  djecje  misljenje  pocinje 
naglo  da  se  razvija  i napreduje  (Slatina,  2005,  str.  179). 

U zavisnosti  prvenstveno  od  starosne  dobi  mogu  se  grubo  odrediti  nivoi  kao 
i vrste  misljenja.  Tako  mozemo  naici  na  podjelu  misljenja  u najsirem  logickom 
smislu.  To  misljenje  se  javlja  kao  posljedica  pitanja  koja  su  najcesce  u formi: 
zasto?  cime?  koliko?  pri  cemu  odgovori  na  pitanja  ne  zadovoljavaju  djecju  radoz- 
nalost  jer  nisu  ni  postavljena  sa  nekom  konkretnom  vaznoscu.  Nasuprot  logickom 
misljenju  u najsirem  smislu,  imamo  misljenje  u najuzem  smislu,  koje  se  javlja  kao 
posljedica  jednostranih  ideja,  a koje  su  proizvod  ranije  usvojenih  stavova.  Treci 
vid  misljenja  je  onaj  koji  se  javlja  u analitickom  i sintetickim  svjetlu  rasudivanja, 
a ta  rasudivanja  su  posljedica  nastupa  problema,  zagonetnih  momenata,  prepreka  i 
slicno. 

Nesporna  je  cinjenica  da  za  razvoj  djecjeg  mozga  nisu  dovoljni  samo  nasljedni, 
odnosno  genetski  faktori,  vec  su  djetetu  potrebni  vanjski  podrazaji,  izrazeni  putem 
dodira,  govora,  slika,  sto  dovodi  do  zakljucka  da  bliza  i daljnja  okolina  oblikuje 
mozak,  odnosno  da  vanjski  podrazaji  j ace  ili  slabije  medusobno  povezuju  mozdane 
stanice  i neurone. 

Sva  istrazivanja  donose  nove  cinjenice,  koje  ukazuju  na  dosadasnje  greske 
u odgoju  djece.  Tako  Gordon  Drajden  obrazlaze  zasto  bebe  trebaju  gledati  ostre 
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kontraste?  “U  prvim  mjesecima  mozak  beba  uspostavlja  svoje  vidne  putove.  Djete- 
tov  korteks  ima  sest  slojeva  stanica  koje  prenose  razlicite  signale  od  retine  u oku 
uzduz  vidnog  zivca  u mozak.  Na  primjer,  jedan  sloj  tih  stanica  prenosi  signale 
za  vodoravne  crte,  a drugi  za  okomite.  Drugi  slojevi  ili  stupci  stanica  have  se 
krugovima,  kvadratima  i trokutima.  Kada  bi  dijete  vidjelo  samo  vodoravne  crte,  na 
primjer,  tada  bi  se  ono  prilikom  puzanja  ili  hodanja  neprekidno  sudaralo  s nogama 
stolova  i stolica  jer  njegovi  vidni  putovi  ne  bi  mogli  procesuirati  okomite  crte” 
(Dryden,  2001,  str.  242). 

Ronald  Koutlack  navodi  da  cak  i u slucaju  da  je  mozak  neke  osobe  savrsen,  ta 
osoba  nece  moci  vidjeti  ukoliko  ne  procesuira  vizualne  podrazaje  do  druge  godine, 
i nece  nikada  nauciti  govoriti,  ukoliko  do  desete  godine  nije  cula  govor  otuda  i 
sugestija  da  se  bebe  od  rodenja  izlazu  oblicima  jakih  crno-bijelih  kontrasta,  a ne  da 
im  zidove  oblazemo  jednoclicnim  pastelnim  tapetama  (Koutlack,  1996). 

Premadosadasnjimmnogobrojnimistrazivanjima,  narocito Birkenbihla  (1989), 
razlikujemo,  grubo  receno,  dva  mozga,  “stariji”  i “noviji”.  U starom  mozgu 
smjesten  je  nas  bioloski  program,  “hardver”,  koji  je  svojom  funkcionalnoscu 
zaduzen  za  empiriju  te  izbjegavanje  bola  i neugoda,  motivise  ili  umanjuje  nagon  za 
bijegom,  osigurava  nagon  za  prezivljavanjem,  nagon  za  zadovoljavanjem  vitalnih 
zivotnih  potreba,  upravlja  i kontrolise  nase  ponasanje,  blokira  nase  razmisljanje, 
utice  na  zapazanje  stvarnosti,  kontrolise  nase  pokrete  tijela;  on  je  sjediste  nasih 
osjecaja,  emocionalnosti,  pohranjuje  i cuva  nasa  sjecanja,  tu  se  nalazi  nase  “ID” 
(Freud)  i djecje  “JA”  (Berne),  nase  nadsvjesno  i nase  podsvjesno,  haos  i jos  stosta 
nepoznato. 

Sa  druge  strane  imamo  “novi”  mozak  koji  je  integralni  dio  lijeve  i desne  hemis- 
fere  kore  velikog  mozga,  a predstavlja  softvere,  sa  ulogama  i zadacima  povezivanja, 
analiziranja,  zakljucivanja,  razmisljanja  o sebi,  istrazivanja  sebe,  zadovoljavanja 
tipicnih  ljudskih  potreba,  inteligenciju  i kreativnost  (Brajsa,  1995,  str.  53). 

Po  Pijazeu  (Piaget,  1970),  razvoj  misljenja  se  moze  grubo  podijeliti  u cetiri 
sire  faze,  tako  da  se  svaka  nova  faza  naslanja  na  staru.  Na  temelju  istrazivanja  koja 
su  se  uglavnom  bazirala  na  eksperimentu,  Pijaze  pravi  skalu  baziranu  na  zivotnoj 
dobi  te  izdvaja  prvi  period  ili  period  senzornomotorne  faze,  koja  traje  od  rodenja 
do  priblizno  osamnaest  mjeseci.  Za  navedeni  period  je  osnovna  karakteristika 
da  beba  uspijeva  povezati  osjecaj  sa  radnjom,  postojanje  predmeta  je  uslovljeno 
njenim  videnjem,  dok  u zrelijem  stadijumu  postaje  svjesna  postojanja  predmeta  i 
bez  videnja,  a takode  dolazi  i do  spoznaje  reverzibiliteta. 

Drugo  razdoblje,  koje  traje  od  osamnaest  mjeseci  pa  do  sedme  godine  zivota, 
Pijaze  naziva  preoperacioni  stadij,  koje  dijeli  u dva  podrazdoblja,  2a  i 2b.  Oba 
dijela  imaju  svoja  obiljezja  koja  su  karakteristicna  za  djecja  ponasanja  i videnje 
svijeta  djecjim  ocima,  pogotovo  u periodu  2a,  kadaprobleme  rjesava  intuitivno,  dok 
logika  dolazi  do  izrazaja  u fazi  2b,  kada  dolazi  do  sukoba  izmedu  djecje  percepcije 
i mogucnosti  logickog  rasudivanja. 

Trece  razdoblje  je  period  od  sedme  do  dvanaeste  godine  i to  je  tzv.  konkretno- 
operacijski  period  u kojem  do  izrazaja  jos  vise  dolazi  logicko  rasudivanje,  iako  je 
navedeno  razdoblje  jos  bazirano  na  neposrednim  opazanjima  ili  ranijim  iskustvima. 
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Dijete  shvata  pojam  komutativnosti,  operacije  sabiranja  i pojam  reverzibilnosti,  sto 
mu  omogucava  da  zakljuci  da  je  npr.  7 — 3 = 4 zato  sto  je  3 + 4 = 7,  iako  ne 
povezuje  suprotnost  navedenih  operacija.  Takode  je  interesantno  napomenuti  da  di- 
jete uovomperiodu  shvata  pojam  tranzitivnostiuformi  A = B,  B = C A = C 
Hi  A > B,  B > C A > C,  dok  u zadacima  tipa  Emir  je  visi  od  Gorana, 

Goran  je  visi  od  Zlatana:  Ko  je  najvisi?,  djeea  nisu  spremna  dati  valjan  odgovor. 
Pijaze  navedenu  nemogucnost  vidi  u cinjenici  da  logika  zauzima  sve  znacajniju 
ulogu  u razmisljanju,  ali  je  ona  jos  vecim  dijelom  oslonjena  na  trazenje  rjesenja 
utemeljenog  na  percepciji. 

Cetvrto  razdoblje  obiljezeno  je  sposobnostima  dokazivanja  apstraktnih  stavova, 
deduktivnim  zakljucivanjima,  logickim  rasudivanjima  i tako  dalje.  Interesantna  je 
cinjenica  da  djeea  razmisljaju  strogo  hipoteticki,  a da  pri  tome  ne  ulaze  u mogucnost 
prakticne  realizacije  problema,  npr.  u problemu  tipa:  ako  15  komada  jaja  kosta  2 
K.M.  koliko  se  moze  kupiti  jaja  za  1 K.M.?  Djecji  odgovor  je  7,5  komada,  no  da 
li  se  dati  problem  moze  u praksi  realizovati,  to  djecu  uopste  ne  interesuje. 

Nedoumiee  bitnosti  se  daju  pokazati  na  sljedecem  primjeru: 

Upitajmo  sami  sebe  sta  je  bitnije  za  dijete,  da  shvati  da  je  7 • 2 isto  sto  i 2 • 7,  ili 
da  zapamti  da  je  2 • 7 = 14,  ili,  krace  receno,  da  li  je  bitnije  da  dijete  zna  racunati  ili 
da  zna  shvatiti?  Upravo  ovdje  u naizgled  bizarnim  stvarima,  stvara  se  nedoumica. 
“Kada  poucavamo  vjestinu  racunanja,  traze  od  nas  razumijevanje,  kada  poucavamo 
vjestinu  razumijevanja,  traze  od  nas  racunanje”  (Liebeck,  1984,  str.  7). 

Ne  osvrcuci  se  na  zahtjeve  galopirajuceg,  zahtjevnog  u konkurenciji  be- 
zobzimog  fenomena  nazvanog  globalizacija  drustva,  ne  bi  se  smjelo  zaboraviti 
da  svako  dijete  u principu  bi  trebalo  da  svaki  matematicki  problem,  naravno  uko- 
liko  je  to  moguce,  dozivi  vizuelno  (slaganje  kockica,  grupisanje  stapica,  edukativna 
igra  tangram,  abakus  i slicno),  te  da  na  temelju  vizuelnog  samo  docara  sliku  koju 
treba  skicirati  (forma  kvadratica,  trouglova,  kruzica  i slicno),  a zatim  skiciranim 
elementima  pridruzi  simbole,  odnosno  brojeve.  Zan  Pijaze,  opisujuci  rad  Eblija 
u sferi  operativnih  metoda,  akcenat  stavlja  na  uslove  vaspitanja,  koji  mogu  imati 
ubrzavajuce  ili  usporavajuce  djelovanje,  te  da  je  preporucljivo  da  se  simbolickom 
prikazu  da  onaj  znacaj  koji  konkretan  prikaz  posjeduje  (Aebli,  1982  - vidi  kod: 
Piage,  1983). 

Nezaobilazna  je  cinjenica  “da  se  djeea  pametna  radaju”  te  da  i prije  polaska 
u skolu  veci  broj  djece  poznaje  elementarne  racunske  operacije  sabiranja,  oduzi- 
manja,  mnozenja  i dijeljenja,  naravno  na  opste  zadovoljstvo  roditelja  koji  su  dobrim 
dijelom  zasluzni  za  razvoj  kako  fizickog  tako  i intelektualnog  nivoa  svoje  djece. 
Ne  pitajuci  se  kako  dijete  prihvata  apstraktne  pojmove,  kao  npr.  sta  je  broj  ili  neka 
operacija,  desava  se  da  veci  broj  ucenika  u srednjoj  skoli,  zbog  same  apstraktnosti 
poimanja  operacija,  izraz  2a  + 2b  prihvata  kao  4ab,  ili  pak  na  neki  drugi  nacin. 

Istrazivanja  bazirana  na  Piazeovim  tezama,  da  se  misaone  aktivnosti  temelje 
na  prenosu  i kopiranju  realnih  aktivnosti  koje  se  vrse  na  materijalnim  predmetima, 
nastavljaju  Galjperin,  Eompser,  koji,  zajedno  sa  Brunerom,  dolaze  do  konstatacije 
da  se  mentalne  radnje  desavaju  na  nekoliko  nivoa  koji  su  medusobno  povezani. 
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1.  Nivo  prakticno-predmetnih  radnji  koji  omogucava  primjenjivost  eventu- 
alnog  objekta  spoznaje. 

2.  Nivo  neposrednog  uocavanja.  Valja  naglasiti  da  ovdje  nije  izrazajno  samo 
puko  uocavanje  objekta  vec  i misaono  kompletiranje  objekta  spoznaje  sa 
vecim  dijelom  njihovih  karakteristika. 

3.  Nivo  posrednog  uocavanja.  Na navedenom  nivou  dolazi  do  aktiviranja ranije 
memorisanog  i komparativnog  pristupa  objektu. 

4.  Nivo  jezicko-pojmovne  spoznaje,  gdje  se  mentalna  aktivnost  odvija  prije 
svega  u okviru  pojmovnog,  tj.  u okviru  apstraktnih,  a ne  direktnih  struktura. 

Ono  sto  bi  ovdje  bilo  posebno  interesantno,  a vezano  je  za  nivo  neposrednog 
uocavanja,  jeste  cinjenica  da  ucenici  misaonim  putem  mogu  jednostavnije  utvrditi 
broj  ivica  paralelopipeda,  nego  u prakticnom  slucaju.  Drugim  rijecima  apstraktno- 
pojmovna  obrada  je  bila  izrazajnija  nege  vizuelno-predmetna.  Razradujuci  teoriju 

0 razvoju  djecijeg  misljenja  i operativnim  principima,  Pijaze  istice  dio  istrazivanja 
Lompsera,  te  navodi  kako  postoje  cetiri  spoznajna  nivoa  koji  predstavljaju,  sa  jedne 
strane,  geneticki  redoslijed,  svaki  visi  se  razvija  iz  nizeg  kao  svoje  osnove.  S druge 
strane,  nizi  nivoi  ne  prestaju  da  postoje,  nego  sve  ravni  koje  su  jednom  nastale 
nastavljaju  da  postoje,  a nove  ravni  uticu  na  prethodne  mijenjajuci  njihov  karakter. 
Izmedu  ove  cetiri  ravni  postoje  uzajamni  odnosi,  koji  se  u toku  razvoja  neprestano 
mijenjaju  (Lompser,  1972  - vidi  kod:  Piaget,  1983). 

Dosadasnja  istrazivanja,  kao  i praksa,  pokazala  su  daleko  vecu  efikasnost  pri 
savladivanju  neke  operacije  kada  se  ista  operacija  kombinuje  sa  drugim  operaci- 
jama,  tako,  na  primjer,  pri  operaciji  mnozenja  preporucuje  se  paralelno  obavljanje 

1 sabiranja  i oduzimanja,  kako  pokazuje  sljedeci  primjer: 


itd. 


6-9  = 9-6  = 9-5  + 91  = 10-6-1-6 


Zadaci  prezentovani  na  ovaj  ili  slican  nacin  kod  ucenika  razvijaju  osjecaj  fleksi- 
bilnosti,  kombinatorike,  slobode,  sto  jednostavno  doprinosi  da  se  tablica  mnozenja 
mnogo  brze  i jednostavnije  savlada,  jer  uceniku  pruza  mogucnost  izbora  raznih 
puteva  do  krajnjeg  cilja. 

Sa  druge  strane,  receptivni  oblik  ucenja,  kod  kojeg  je  uceniku  prepusteno  da 
samostalno  istrazuje  i iznalazi  najoptimalnije  puteve  do  cilja,  pokazuje  se  vrlo 
djelotvornim.  Ovdje  je  takode  bitno  naglasiti  da  usvajanje  novih  matematickih 
saznanja,  vjestina,  operacija,  novih  pojmova  kao  i adekvatna  primjena  istih  na 
rjesavanje  problemskih  zadataka  mora  bid  utemeljeno  na  prethodnim  predznan- 
jima.  Naime,  upravo  u ovakvim  i slicnim  momentima  se  demonstrira  kumulativnost 
matematickih  vjestina  i funkcionalna  primjena. 

U vezi  sa  navedenim  vazno  je  reci  da  se  rijetko  upraznjava  jedan  tip  ucenja, 
vec  se  razliciti  tipovi  ispreplicu  i medusobno  upotpunjuju,  te  u matematici  susrecemo 
uglavnom  sa  sljedece  tipove  ucenja: 

1.  Asocijativno  ucenje  (ucenje  na  osnovu  signala,  drazi,  koje  prelaze  u au- 
tomatizam  kao  npr.  tablica  mnozenja,  operacije  sa  razlomcima,  rjesavanje 
jednacina  i slicno). 
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2.  Diskriminatorno  ucenje  (svodi  se  na  njegovanje  sposobnosti  da razgranicavamo 
razlicite,  ali  i slicne  stvari  kao  pojmove,  kao  na  primjer  pravougaonik, 
kvadrat  i tako  dalje) . 

3.  Ucenje  matematickih  pojmova  (aksiomatski  zasnovati  neke  pojmove  te  na 
temelju  njih  razraditi  slozenije). 

4.  Ucenje  matematickih  pravila  (defmicija,  lema  - pomocna  teorema,  teo- 
rema) . 

5.  Ucenje  heuristickih  pravila  (uciti  sa  razumijevanjem,  vrsiti  razdiobu  recep- 
tivnog  i kognitivnog,  razluciti  sta  je  dato,  sta  se  trazi?  Da  li  je  put  dobar?). 

6.  Rjesavanje  matematickih  problema  (ucenje  putem  rjesavanja  matematickih 
odnosa,  raditi  na  tipskim  i konstruktivnim  zadacima) . 

7.  Ucenje  opazanjem  (iako  lici  na  relaciju  pokazanog,  imitirano-pokazanog, 
ipak  ima  svoje  prednosti  (Bandura,  1977,  str.  31). 

O alternativnom  pocetku  planskog  i svjesnog  ucenja  kod  djece  postoje  mnoge 
nedoumice.  Tu  problematiku  je  analizirao  i Gordon  Drajden  koji  opisuje  rad  bivseg 
harvardskog  profesora  Barton  L.  Wajta,  te  navodi  kako  u povijesti  zapadnjackog 
obrazovanja  nijedno  drustvo  nije  prepoznalo  vaznost  obrazovnja  u najranijoj  dobi. 
Takode  nije  bilo  nikakvih  priprema  kao  ni  pomoci  porodicama  u cilju  pokretanja 
akcije  u cilju  ranog  razvoja  djece.  Profesor  Wajt  dalje  navodi  kako  je  razdoblje 
od  kada  dijete  prohoda,  pa  do  dvije  godine  zivota  najvaznije,  te  da  je  taj  period 
temeljan  i kljucan  za  razvoj  govora,  znatizelje,  inteligencije  i drustvenosti.  (White, 
1991  - vidi  kod  Drajden,  2001,  str.  253). 

Optimalizacija  razvoja  djetetovih  potencijala  podrazumijeva  stvaranje  uslova 
i organizovanje  aktivnosti  kojima  cemo  pomoci  djetetu  u razvoju  njegovih  sposob- 
nosti, kompetencija  i karakternih  crta  potrebnih  za  Slobodan  i srecan  zivot  u 
drustvenom  i prirodnom  okruzenju  sredine  u kojoj  ce  provesti  zivot.  Tesko  je 
ili  gotovo  nemoguce  predvidjeti  uslove  i sredinu  buduceg  zivota  covjeka,  zato  je 
potrebno  vec  od  ranog  djetinjstva  osposobljavati  covjeka  za  ucenje  i razvijanje 
vlastitih  kompetencija,  za  samoosposobljavanje.  Ovo  postaje  znacajnije  time  sto 
je  izvjesno  da  ce  civilizacije  u XXI  vijeku  imati  obiljezja  uceceg  drustva.  Stalno 
razvijanje  vlastitih  kompetencija,  cjelozivotno  ili  dozivotno  ucenje,  postaju  uslov 
slobode  savremenog  covjeka. 

Rezultate  ovakvih  istrazivanja  te  ovakva  razmisljanja  bilo  bi  nehumano  zavrsiti, 
a ne  postaviti,  nebrojeno  puta  nametnuto  pitanje:  da  li  previse  rano  poucavanje 
krade  djeci  njihovo  djetinjstvo?  Odgovor  bi  se  sveo  na  sljedece:  Dokle  god  se 
dijete  uceci  izvrsno  zabavlja,  opasnosti  po  njegovo  mentalno  zdravlje  nema,  ali  ako 
dijete  u fazi  ucenja  ne  nalazi  zadovoljstvo,  treba  sa  ucenjem  prekinuti. 

Slab  uspjeh  kao  i nizak  nivo  znanja  iz  matematike  nije  pusta  pretpostavka, 
vec  je  cinjenica  koja  je  potkrijepljena  konstatacijama  vecine  izvjestaja,  kako  iz  os- 
novnih  tako  i iz  srednjih  skola.  Vecina  anketiranih  ucenika  matematiku  karakterise 
kao  tesku,  nerazumljivu,  nezanimljivu,  prezahtjevnu. 

Nesumnjivo  “krivaca”  za  los  uspjeh  na  polju  matematike  na  svim  nivoima  ima 
mnogo,  te  praviti  klasifikaciju  i hijerarhisku  Ijestvicu  bilo  bi  nezahvalno  i neodgov- 
omo.  Naime,  nema  odredenog  i jasno  defmisanog  stava  da  bi  se  “krivac”  mogao 
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identifikovati  te  kao  takvog  ili  eliminisati  ili  smanjiti  na  najmanju  mogucu  mjeru. 
Ono,  sto  bi  se  u vecini  strucnih  izvjestaja  moglo  izdvojiti,  kao  najcesce  spomin- 
jani  razlozi  su  neadekvatni  i prebukirani  nastavni  planovi  i programi,  prekobro- 
jna  odjeljenja,  losa  strucna  osposobljenost  nastavnika,  neopremljenost  skola,  losi 
udzbenici,  zastarjeli  i prevazdeni  metodicko  - didakticki  oblici  rada,  losi  porodicni 
uslovi  uslovljenim  niskim  standardom  zivljenja  i tome  slicno. 

Od  navedenog,  kao  i od  drugih  nenavedenih  uzroka  nezahvalno  bi  bilo  izdvo- 
jiti neke  konkretne  faktore,  jer  neuspjeh  u nastavi  matematike  je  funkcija  svih  tih 
faktora. 

Vecina  nabrojanog  uglavnom  uporiste  trazi  u vanskolskim  uzrocnicima,  zane- 
marujuci  cinjenicu  da  glavne  potencijalne  krivce  treba  prvenstveno  traziti  u skoli, 
nastavi,  nacinu  izvodenja  nastave  odnosno  potrebno  je  prvo  temeljno  odgovoriti 
na  pitanja  tko?,  na  koji  nacin?  i sta?  predaje.  Nesumnjivo  da  bi  jedan  kvalitetan 
odgovor  na  postavljena  pitanja  barem  djelimicno  rasvijetlio  pojam  neuspjeha  u 
nastavi  matematike 

Na  datu  konstataciju  ukazuju  mnoge  dosada  objavljene  analize,  bazirane  na 
nizu  obavljenih  testiranja,  anketiranja,  napedagoskoj  dokumentaciji,  kako  nanasim 
prostorima  tako  i u svijetu.  Takode  smo  svjedoci  dispariteta  u ocjenama  i nacinu 
ocjenjivanja  kod  razlicitih  nastavnika  u okvirima  jednog  nastavnog  predmeta,  a da 
ne  ukazujemo  na  razliciti  predmete.  Cinjenica  da  svrseni  osnovnoskolci  u sred- 
nju  skolu  dolaze  najvecim  dijelom  sa  visokim  ocjenama  iz  matematike,  bas  kao 
sto  svrseni  srednjoskolci  odlaze  na  fakultete  takode  sa  vrlo  visokim  ocjenama  na 
fakultete. 

U toku  skolovanja  u srednjoj  skoli,  sto  je  pogotovo  evidentno  na  prvoj  polu- 
godisnjoj  klasifikaciji,  rezultati  su  mnogo  slabiji  od  rezultata  donesenih  iz  os- 
novne  skole,  da  bi  se  na  kraju  skolske  godine  situacija  malo  poboljsala,  ali  opet 
sa  uocljivom  razlikom  izmedu  zakljucnih  ocjena  osmog  razreda  osnovne  i prvog 
razreda  srednje  skole.  Disparitet  u ocjenama  iz  nastavnog  predmeta  matematike 
ne  pojavljuje  se  samo  kao  proizvod  razlicitih  kriterija  pri  ocjenjivanju  ucenika, 
vec  na  njega  imaju  uticaj  i drugi  faktori  koje  smo  imali  namjeru  ako  ne  u potpunosti 
onda  barem  dijelom  razotkriti.  Ako  je  neuspjeh  u nastavi  matematike  problem,  a 
jeste,  onda  za  njegovo  rjesavanje  interaktivna  nastava  ima  dio  rjesenja  za  koji  Ante 
Vukasovic  navodi:  “Rjesavanje  problema  u nastavi  pojavljuje  se  kao  oblik  intelek- 
tualne,  a cesto  i prakticne  aktivnosti  pri  cemu  ucenici  intenzivno  misle,  istrazuju, 
samostalno  djeluju,  pronalaze  rjesenja,  rjesavaju  i uce”  (Vukasovic,  1977,  str.  311). 

Obiljezja  neuspjeha  u nastavi  matematike  ovdje  su  navedena  samo  dijelom,  a 
kroz  interaktivnu  nastavu  nadamo  se  doci  do  konkretnijih  rezultata  koji  bi  upucivali 
na  identificiranje,  suzbijanje  i otklanjanje  takvih  uzroka.  Naucno  istrazivanje 
vezano  za  interaktivno  ucenje  u nastavi  matematike  bi  moralo  da  nam  pruzi  neke 
pokazatelje  koji  bi  posluzili  za  iznalazenje  adekvatnih  ideja  za  odgovarajuce  di- 
dakticke  i metodicke  akcije  koje  bi  uslijedile  u nastavi  matematike.  Rezultati  is- 
trazivanja  bi  takode  trebali  omoguciti  prakticnu  akciju  na  podrucju  nastave  matem- 
atike cime  bi  se  barem  dio  uzroka  loseg  uspjeha  u nastavi  matematike  ako  ne  u 
potpunosti  onda  barem  dijelom  otklonio.  Sasvim  je  neopravdano  posmatrati  inter- 
aktivno ucenje  kao  nacin  ucenja  cijom  bi  se  primjenom  otklonili  svi  problemi  u 
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vaspitno-obrazovnom  procesu  a time  i u nastavi  matematike,  ali  primjenom  inter- 
aktivne  nastave  u kombinaciji  sa  drugim  oblicima  nastave  doslo  bi  do  poboljsanja 
obrazovnog  procesa  na  svim  nivoima. 

Neuspjeh  u nastavi  matematike,  kao  i neuspjesi  u svim  drugim  sferama  zivota, 
imaju  svoje  karakteristike  po  kojima  se  lako  prepoznaju.  Pasivno  prisustvovanje 
nastavnom  procesu,  bez  obzira  koja  se  metoda  na  casu  koristila,  kao  i nastavni 
sadrzaj  koji  se  obraduje,  najslikovitije  su  karakteristike  neuspjeha  kod  ucenika  i 
ove  karakteristike  ne  odnose  se  samo  na  matematiku,  vec  i na  druge  nastavne 
predmete.  Navedo  ne  smijemo  prihvatiti  iskljucivo  kao  proizvod  nastave  matem- 
atike, jer  na  psihu  mogu  uticati  mnogi  faktori,  od  kojih  se  vecina  manifestuje 
raznim  ignorantskim  odnosom  prema  nastavnom  procesu  i skoli  uopste,  a ako  se 
takvo  ponasanje  javlja  relativno  rijetko,  onda  ga  mozemo  odbaciti.  Neuspjeh  u 
nastavi  matematike  se  javlja  kao  posljedica  manjkavosti  matematickih  znanja  ili 
kao  posljedica  nedovoljne  razvijenosti  intelektualnih  sposobnosti  ucenika.  Prvu 
navedenu  karakteristiku  obiljezavaju  kvantitativna  svojstva,  a drugu  kvalitativna. 
Bez  obzira  o kojim  karakteristikama  je  rijec,  prepoznatljivost  je  veoma  uocljiva, 
narocito  u sferi  obrazovne  djelatnosti,  dok  se  kod  vaspitne  djelatnosti  moze  teze 
primijetiti.  Posebno  negativnu  konotaciju  sadrzi  cinjenica  da  kvantitativna  svo- 
jstva nose  osobinu  kumulativnosti,  tj.  postepeno  povecanje  neznanja  matematickih 
znanja,  sto  je  uglavnom  posljedica  prirode  matematike  kao  nauke. 

Naime,  izmedu  ostalih  uzroka  za  njenu  tezinu  uglavnom  su  zasluzni  matematicki 
pojmovi,  velicine,  parametri,  operacije  i simboli  koji  su  neraskidivo  vezani  i kom- 
patibilni,  sto  za  posljedicu  ima  da  je  svaka  nova  oblast  u matematici  uslovljena 
prethodnim  usvajanjem  kroz  defmicije,  leme  (pomocne  teoreme),  teoreme,  op- 
eracije, cinjenice,  postavke  iz  drugih  naucnih  oblasti.  Drugim  rijecima,  matematicko 
gradivo  je  cvrsto  povezano  u neraskidivu  cjelinu,  sto  mu  daje  posebnu  tezinu. 

Sa  druge  strane,  nevolja  pri  ucenju  matematike  je  u tome  da  se  simptomi  neusp- 
jeha ne  javljaju  iznenada,  vec  je  njihovo  prisustvo  dosta  prikriveno  i u funkciji  je 
vremena  kao  parametra.  Racionalizacija  i drugi  podsvjesni  mehanizmi  takode 
cine  svoje,  sto  sve  skupa  daje  konacan  ishod,  a to  je  los  uspjeh  ucenika  u nastavi 
matematike. 

Kako  navodi  poljski  pedagog  Konopnicki,  postoje  cetiri  karakteristicne  etape 
u nastavnom  procesu  nastajanja  neuspjeha  u nastavi. 

Prvu  etapu  karakteristise  neprimjetno  javljanje  manjih  praznina  u znanju 
ucenika,  a njih  uslovljavaju  reakcije  ucenika  koje  se  manifestuju  u formiranju 
odbojnih  stavova  prema  skoli  i nastavi.  Kako  se  praznine  povecavaju,  sto  je  ne- 
minovnost,  jer  prva  etapa  uglavnom  promice,  to  nastupa  etapa  u kojoj  ucenik  gubi 
motivisanost,  a sa  njom  i volju  za  ucenjem. 

Druga  etapa  se  odslikava  u sve  visem  stepenu  nemogucnost  pracenja  nas- 
tavnog  procesa,  kao  i pojacanim  problemima  u samostalnom  rjesavanju  nastavnih 
zadataka.  Bez  obzira  sto  su  simptomi  dosta  uocljivi,  nastavnici,  a i roditelji,  ne 
pridaju  vecu  paznju  tome. 

Trecu  etapu  karakteristise  ignorantski  odnos  prema  nastavi,  pa  i prema  skoli, 
tako  da  ucenici  zanemaruju  sve  obaveze,  sto  rezultira  povecanim  brojem  slabih 
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ocjena,  sto  je  prvi  ozbiljniji  pokazatelj  da  se  sa  ucenikom  nesto  negativno  desava. 
Povecan  broj  negativnih  ocjena  rezultira  povlacenjem  iz  aktivnog  zivota  razreda. 
Ucenik  se  tesko  hvata  u kostac  sa  nagomilanim  problemima,  te  bez  pomoci 
okruzenja  ne  uspijeva  da  se  vrati  u nekakvo  normalno  stanje. 

U cetvrtoj  etapi  kod  ucenika  se  javlja  osjecaj  nesamostalnosti,  nemoci,  odba- 
cenosti,  sto  on  kompenzuje  kroz  druge  oblike  koji  nisu  karakteristicni  za  obrazovno 
djelovanje.  U zavisnosti  od  broja  slabih  ocjena  ucenik  se  upucuje  na  ponavljanje 
razreda,  sto  se  u izuzetnim  situacijama  i ne  mora  desiti,  pod  uslovom  da  se  ucenik 
samostalno  prisili  na  nadoknadivanje  propustenog,  uz  pomoc  nastavnika,  ili  kroz 
vid  instruktivne  nastave  (Konopnicki,  1969,  br.  4 str.  452). 

Navedene  pojave  dosta  je  tesko  u potpunosti  sprijeciti,  ali  treba  sve  uciniti  da  se 
one  sto  vise  smanje.  U tome  mogu  ucestvovati  svi  nastavnici,  pedagoske  i socijalne 
sluzbe  a narocito  roditelji.  Ako  ne  totalno  sprecavanje,  onda  u velikoj  mjeri  smanji- 
vanj  e navedenih  poj  ava  bilo  bi  potpomognuto  permanentnim  pracenj  em  ucenikovog 
rada  i napretka  u vaspitno-obrazovnom  procesu.  Naime,  blagovremeno  uocavanje 
problema  bilo  koje  vrste  stvara  realne  mogucnosti  za  preduzimanje  adekvatnih 
mjera  za  sprecavanje  neuspjeha. 

U najkracim  crtama  neuspjeh  u nastavi  matematike  manifestuje  se  u: 

- slabom  matematickom  predznanju  osnovnih  pojmova,  pravila  i zakona, 

- slaboj  usvojenosti  matematickog  jezika  i njegove  primjene, 

- slaboj  automatizaciji  matematickih  operacija, 

- slabom  ili  nikakvom  pamcenju  formula. 

Interaktivnom  nastavom  obezbjeduje  se  aktivnost  svakog  ucenika,  cime  dolazi 
do  razmjene  stavova,  ideja  a time  i do  otklanjanja  nejasnih  pojmova.  Takav  rad 
utice  na  razvoj  sposobnosti  i tehnike  slusanja  kao  i sposobnost  izlaganja  ideja 
cime  dolazi  do  ustrojavanja  elementarnih  pravila  i zakonitosti  uvazavanja  drugog. 
Poucavanje  se  svodi  na  minimum,  jer  do  izrazaja  dolazi  ucenje  u kojem  je  ucenik 
subjekat  a ne  pasivni  posmatrac.  Pamcenje  se  odvija  spontano  jer  do  izrazaja  dolazi 
kreativno  misljenje.  Naglasena  je  kooperativnost,  sto  predstavlja  dobar  preduslov 
za  otklanjanje  mnogih  faktora  koji  uslovljavaju  slab  uspjeh  u nastavi  matematike. 

Matematika  kao  kljucni  predmet  ovog  projekta  doprinosi  ostvarivanju  niza 
pedagoskih  efekata  koji  zajedno  formiraju  svojstva  licnosti  osposobljene  za  zivot 
u XXI  vijeku,  o cemu  Suzic  kaze:  “Ako  generacije  prvog  razreda  osnovne  skole 
budu  ucile  interaktivnim  metodama  tokom  svog  skolovanja,  nakon  izlaska  iz  sred- 
nje  skole  to  ce  biti  gradani  Evrope  koji  znaju  da  komuniciraju,  da  rade  u grupi,  da 
kontrolisu  svoje  emocije,  da  prezentiraju  ostvarenja,  da  brzo  nadu  i koriste  infor- 
macije.  Osim  toga,  to  ce  biti  ljudi  sirokih  pogleda,  tolerantni  i pomirljivi,  spremni 
na  saradnju  i podrsku  ljudima  oko  sebe.  Tesko  se  moze  zamisliti  bolji  doprinos 
pomirenju  i trajnom  mini  kao  zelji  svih  ljudi  na  ovim  prostorima”  (Suzic,  2001, 
str.  87). 
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Uzroci  slabog  uspjeha  u nastavi  matematike 

Svu  ili  samo  dio  tezine  matematike  kao  nauke  mozemo  potraziti  ili  u njenoj 
egzaktnosti  ili  u njenoj  apstraktnosti.  Prvi  susret  sa  pojmovima,  kao  sto  je  pojam 
ravno,  okruglo,  valjkasto,  za  djecu  predstavlja  apstrakciju,  dok  formula  E = mc^ 
predstavlja  i za  vecinu  odraslih  osoba  takode  apstraktan  pojam.  Pojam  broja  dva 
takode  je  apstrakcija  sve  do  momenta  kada  istoj  oznaci  ne  pridruzimo  skup  od  dva 
elementa:  dva  ucenika,  dva  novcica,  dvije  knjige  i tome  slicno.  Sve  matematicke 
operacije,  pa  i one  elementarne,  kao  sabiranje  ili  oduzimanje  brojeva,  predstavljaju 
apstrakciju  na  jos  visem  nivou  u odnosu  na  broj  kao  operacionalni  pojam.  Tezina 
korespondencije  izmedu  konkretnih  elemenata  i numerickih  oznaka  kao  krajnji  cilj 
prve  faze  apstrahiranja  nezaobilazni  je  faza  razumijevanja  matematike,  te  mozemo  i 
taj  detalj  prihvatiti  kao  jedan  od  prvih  uzroka  slabog  uspjeha  u nastavi  matematike. 

Sve  skole  bi  na  pitanje  “kako  vrse  vaspitno-obrazovno  proces”,  dale  odgovor 
da  se  on  provodi  po  principima  logike,  psihologije  i fdozofije.  Makoliko  je  to  istina, 
takode  je  i istina  da  rijetko  koja  skola  poucava  kreativnom  misljenju,  tj.  sposobnosti 
da  se  otvorenog  uma  (neopterecenog  drugim  idejama)  traze  nove  ideje,  da  se  gleda 
drugacijim  ocima  i u novim  pravcima.  Javljaju  se  ideje  da  su  i postojeci  termini 
logickog  i kreativnog  misljenja  suvise  ograniceni.  Ljudski  um  je  osposobljen  i 
za  konceptualna,  analiticka,  spekulativna,  kriticka,  luckasta,  konvergentna,  diver- 
gentna,  bizarna,  reflektivna,  vizuelna,  simbolicka,  brojcana,  metaforicka,  mitska, 
poetska,  verbalna,  neverbalna,  prakticna,  dvosmislena,  konstruktivna,  realisticka, 
nadrealisticka,  fokusirana,  kreativna,  konkretna,  objektivna,  subjektivna  i druga 
rjesenja. 

Rjesenje  bilo  kojeg  nastalog  problema  mozak  “trazi”  u empirijskom  pre- 
trazivanju  “datoteke”  da  bi  nasao  istu  ili  slicnu  situaciju  koju  je  vec  jednom  rjesavao. 
Nenamjemo  ogranicavanje  mozga  vrlo  je  cesto  uslovljeno  predrasudama,  predub- 
jedjenjima  ili  tabuima,  a to  je  uglavnom  u uskoj  vezi  sa  emocionalnim,  nacionalnim, 
vjerskim,  psiholoskim,  seksualnim  ili  drugim  osjecanjima.  Uzgred  zapitajmo  sami 
sebe:  Da  nismo  mozda  ono  sto  su  drugi  od  nas  ocekivali  da  budemo?  Roditelji,  nas- 
tavnici  i sredina  u kojoj  prebivamo  svakodnevno  odasilju  ocekivanja  putem  rijeci, 
stavova,  ozracja  i jezika  tijela  tako  da  ta  ocekivanja  postaju  ucenikova  ogranicenja. 

Skole  svih  nivoa  ucinile  su  ili  cine  “svoje”,  tako  da  smo  vec  unaprijed  pre- 
dodredeni  na  direktne  odgovore,  ne  ostavljajuci  prostor  za  trazenje  novih  nacina 
ili  rjesenja.  Nema  sumnje  da  ce  svaka  osoba  sa  zavrsenom  srednjom  skolom  ili 
fakultetom  reci  da  je  skola  koju  je  has  ona  zavrsila  najbolja  ili  u najgorem  slucaju 
jedna  od  najboljih  skola  koju  je  zavrsila.  Navedeni  stav  treba  prihvatiti  kao  sasvim 
normalan,  jer  rijetko  koja  osoba  o sebi  ima  stopostotnu  objektivnu  sliku,  kao  sto 
nijedan  vaspitno-obrazovni,  religijski  ili  pak  zdravstveni  sistem  ne  odgovara  svima 
na  isti  nacin.  U svima  nama,  sto  je  sasvim  normalno,  postoje  strahovi  i pristrasnosti, 
sto  nije  strano  ni  ucenicima.  U cilju  njihovog  prevazilazenja  potrebno  je  u rad  sa 
ucenicima  unijeti  sto  vise  sale,  zabave  i humora.  Zabava  stvara  atmosferu,  a ona 
je  uslov  kreativnosti  koje  toliko  nedostaje  u nasim  skolama.  Sve  to  ne  zaobilazi 
ni  matematiku,  za  koju  se  uglavnom  tvrdi  da  je  prepuna  apstrakcija,  sto  cini  da  je 
teska,  nesavladiva  te  kao  takva  odbojna  harem  vecem  dijelu  ucenika. 
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Jezik  kao  sredstvo  kontinuiranog  komuniciranja  u osnovi  takode  predstavlja 
apstrakciju,  ali  za  razliku  od  matematike,  u jeziku  nije  toliko  nuzna  apstrakcija 
za  objasnjenje  nekih  pojmova,  te  kao  takav  ne  zahtijeva  hijerarhiju  pojmova.  U 
matematici  je  apstrakcija  dominantna  i uslovljena  je  prethodnim  savladavanjem  jed- 
nostavnih  apstraktnih  pojmova,  da  bi  se  uspjesno  savladali  slozeniji  pojmovi.  Us- 
pjesno  savladavanje  matematike  lezi  najvecim  dijelom  u nastavnikovoj  sposobnosti 
da  ucenike  uspjesno  provede  kroz  hijerarhiju  matematickih  pojmova  i operacija  uz 
povezivanje  cinjenica  sa  vanjskim  svijetom. 

Neosporna  je  cinjenica  da  ucenici  dolaze  u osnovnu  skolu  sa  velikom  dozom 
spontanog  interesovanja  za  brojeve  i matematiku.  Sa  godinama  taj  se  spontanitet 
i zadovoljstvo  u radu  opada  kod  najveceg  broja  ucenika,  tako  da  oni  izlaze  iz  os- 
novnih  skola  sa  odbojnoscu  prema  matematici  i stavom  da  je  matematika  nesto 
sto  je  suvise  dosadno  i tesko  za  shvatanje.  Nastavno-naucne  predmete  a time  i 
matematiku  ucenici  vide  kao  visokoslozene  aktivnosti,  koje  su  tu  radi  sebe  same, 
a ne  vide  ih  kao  sadrzaj  namijenjen  razumijevanju  svijeta  u kojem  zive.  Posljedice 
ovakvih  razmisljanja  su  dosta  ozbiljne,  jer  to  kazuje  da  su  zivoti  velikog  broja 
ucenika  ograniceni,  te  da  je  ukupan  broj  nacionalnih  talenata  daleko  manji  nego 
sto  bi  mogao  da  bude.  Prema  izvjestaju  SCANS-a  {The  Secrestary’s  Commi- 
sion  on  Achieving  Necessary  Skills  - Komisija  Ministarstva  za  postizanje  nuznih 
vjestina),  pod  nazivom:  “Sta  posao  zahtijeva  od  skola”  {What  Work  Requires  of 
Schools),  vise  od  pedeset  posto  americke  mladezi  napusta  skolu  bez  znanja  i temelja 
potrebnih  za  pronalazenje  i zadrzavanje  dobrog  radnog  mjesta.  O posljedicama  za 
buducnost  tako  profdirane  omladine  suvisno  je  dalje  govoriti.  U izvjestaju  se  dalje 
navodi:  “Ti  ce  mladi  ljudi  platiti  vrlo  visoku  cijenu.  Oni  se  suocavaju  sa  tuznom 
perspektivom  besperspektivnog  rada  koji  ce  biti  prekidan  samo  razdobljima  neza- 
poslenosti”  (Dryden,  2001,  str.  271).  Prema  procjenama,  manje  od  polovice  svih 
mladih  odraslih  osoba  postiglo  je  (propisane)  minimume  u citanju  i pisanju.  Jos  je 
manje  onih  koji  zadovoljavaju  standarde  za  matematiku,  a danasnje  skole  samo  se 
indirektno  have  sposobnostima  slusanja  i govorenja.  Radna  snaga  je  nedovoljno 
obrazovana,  nedovoljno  uvjezbana  i nedovoljno  klasifikovana  (Ibidem). 

Situacija  na  ovim  nasim  prostorima  nije  nimalo  bolja.  Naprotiv,  gora  je. 
U ovom  momentu  bilo  bi  najfunkcionalnije  tvrditi  da  su  skole  krive  za  sve,  ne 
obaziruci  se  na  sistem  drustvenog  uredenja  koje  je  proizvelo  iste  te  skole  i sam 
predodreden  da  proizvodi  neuspjehe.  Takode  bi  bilo  najgore  tvrditi  kako  i izvrsne 
nove  tehnike  ucenja  u skolama  mogu  u potpunosti  kompenzirati  nove  uticaje  drustva 
koje  je  i samo  takode  predodredeno  tako  da  je  vecina  njegovih  clanova  unaprijed 
osudena  na  neuspjeh.  Skole  kakve  danas  jesu,  nisu  u stanju  da  promijene  situaciju 
kakva  je,  no  one  u svakom  slucaju  predstavljaju  esencijalnu  nadu  za  promjenama. 

Evidentno  je  da  nastavljanjem  vaspitno-obrazovnog  procesa  u srednjoj  skoli 
dolazi  do  naglog  negativnog  dispariteta  u ocjenama,  sto  je  posebno  naglaseno  u 
nastavnom  predmetu  matematika,  a sto  se  ne  bi  smjelo  desavati.  Naime,  veci  dio 
matematike  u prvom  razredu  srednje  skole  u sustini  predstavlja  osnovnoskolsko 
gradivo  sa  temeljitijim  pristupom  analiziranju  zadataka,  kao  i neznatno  sirem  teo- 
retskom  dijelu.  Kao  i u osnovnoskolskoj  matematici,  tako  i ovdje  do  izrazaja  dolazi 
cinjenica  da  su  dobra  i kvalitetna  dostignuca  uslovljena  kvalitetnim  i cjelovitim 
znanjima  prethodno  usvojenim. 
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Matematika  po  samoj  svojoj  prirodi  spada  u red  nauka  koje  zahtijevaju  dosta 
velika  intelektualna  naprezanja  te  je  svrstavamo  u red  “teskih”  nastavnih  disci- 
plina.  Deviza  da  djeca  sve  znaju,  ali  male  toga  razumiju,  pojacava  tezu  da  tezina 
matematike  lezi  i u nedovoljnoj  intelektualnoj  razvijenosti  ucenika,  sto  nije  tacno. 
Realizaeija  matematickih  sadrzaja  kroz  metodicke  pristupe  koji  su  uslovljeni  karak- 
teristikama  sadrzaja  takode  se  moze  navesti  kao  jedan  od  uticajnih  elemenata  na 
tezinu  matematike. 

Socijalna  sredina,  okruzenje,  mjesto  prebivanja  ucenika,  uopste  kultura  zivl- 
jenja,  takode  se  navode  kao  moguci  faktori  slabog  uspjeha  u nastavi  matematike. 
Kao  jedan  od  vaznih  uzroka  slabog  znanja  matematike  jeste  i fond  nastavnih  casova 
navedenog  predmeta,  koji  je  manji  na  svim  nivoima  skola  u odnosu  na  evropske 
standarde,  kao  i brojnost  ucenika  u vecini  odjeljenja,  cime  je  kvalitet  rada  vrlo 
upitan.  Sada  se  namece  otvoreno  pitanje  na  koga  ili  u sta  uprijeti  prstom  kao 
na  potencijalnog  krivea.  Traziti  krivea  u jednom  ciniocu  i to  van  institucionalnih 
ustanova  bilo  bi  najjednostavnije  rjesenje,  no  sva  dosadasnja  istrazivanja  pokazuju 
da  je  uzrok  slabog  uspjeha  u nastavi  matematike  multifaktorske  prirode,  te  da  se 
razlozi  najvecim  dijelom  nalaze  unutar  skole  kao  institueije. 

(Ne)  uspjeh  u nastavi  matematike  ovisi  o mentalnoj  zrelosti  ucenika,  orga- 
nizaeiji  i realizaeiji  nastave  matematike,  metodici  nastave  matematike,  ucenickoj 
okolini,  struenoj  matematickoj  i pedagoskoj  osposobljenostinastavnika,  nadarenosti 
ucenika  za  matematiku  i slicno(Frommberger,  1955,  str.  168).  Sta  staviti  na  prvo 
mjesto  u hijerarhijskoj  Ijestvici  faktora  koji  uticu  na  los  uspjeh  u nastavi  matem- 
atike? Svaki  od  navedenih  cinilaca  ima  svoj  uticaj.  Kao  preveneiju  neuspjeha  u 
nastavi  matematike  na  neki  nacin  trebalo  bi  prioritetno  razvijati  trend  pedagogije  u 
sljedecim  aktivnostima:  nastava  matematike  mora  se  pribliziti  uceniku,  motivisati 
ucenike,  razvijati  njegovu  latentnu  energiju,  uciti  ih  da  uce,  da  razvijaju  sposobnosti 
apstraktnog  misljenja. 

Jedan  broj  srednjoskolskih  nastavnika  pokazuje  u radu  s ucenicima  aroganeiju 
i prepotentnost  i s visine  posmatraju  ucenike  proturajuci  tezu  da  srednja  skola  nije 
obavezna  i tako  kod  ucenika  stvaraju  odbojan  stav,  strah,  frustraeije  i druge  nega- 
tivne  pojave.  Metodika  matematike,  htjeli  to  priznati  ili  ne,  otvoreno  ukazuje  na 
nas  automatizam.  Ono  sto  se  svjesno  ili  nesvjesno  zanemaruje  jeste  da  uspjesan 
prvi  korak  u nekom  zadatku  predstavlja  izazov  za  sljedeci  korak,  a ovaj  opet  za 
naredni.  Ovaj  lanac  uspjeha  treba  da  se  odvija  uz  uspostavljanje  dublje  veze  sa 
“kognitivnom  strukturom”  djetetovog  CNS-a. 

Uvodenjem  interaktivne  nastave  kao  inovaeije  koja  bi  predstavljala  novi  model 
vaspitanja  i obrazovanja  u skolama,  nesumnjivo  bi  se  desili  mnogi  pozitivni  pomaci. 
“Inovacijsku  skolu  sagledavamo  kao  trajan proces.  Ona  ce  se  stalno  dogradivati.  Ne 
samo  daprihvata  ono  sto  jekvalitetno,  racionalno,  pedagoski  pozitivno  naslijedeno, 
vec  ce  i sama  iznalaziti  novo,  kvalitetnije  i to:  u ciljevima  i sadrzajima  vaspitno- 
obrazovnog,  u nastavnom  i vannastavnom  radu;  u izgradnji  skole,  u metodama, 
oblicima,  medijima,  tehnicko-tehnoloskim  rjesenjima;  racionalnim  i efikasnijim 
nacinima  nastavnog  rada,  u modelima  i postupcima”  (Milijevic,  2003,  str.  99). 

Iz  recenog  proizilazi,  da  od  momenta  kada  nastavnici  u svom  radu  izaberu 
znacajne,  pristupacne  i uzbudljive  teme,  kako  iz  matematike  tako  i iz  ostalih 
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naucnih  disciplina,  kada  budu  favorizovali  grupni  rad  u svim  formama,  isticali 
pozitivni  takmicarski  duh  medu  ucenicima,  kada  teziste  bace  na  istrazivacki  stil 
rada  sa  razumijevanjem  onoga  sto  se  izucava,  a ne  na  ucenje  termina  i formula 
napamet  i kada  prevladaju  ubjedenja  da  njihovi  ucenici  znaju  da  se  od  njih  ocekuje 
da  istrazuju  i da  uce  i da  su  rezultati  njihovog  rada  priznati  - tada  ce  najveci  broj 
ucenika  i uciti. 

Matematika  sa  svojim  jezikom,  operacijama,  simbolima,  teoremama,  dokaz- 
ima,  logickim  pristupima  i cjelokupnom  aparaturom  za  svoje  uspjesno  funkcioni- 
sanje  zahtijeva  kontinuirani  lanac  nadovezivanja  cjelina  sa  cjelinama.  “Nagomila- 
vanje”  nastavnog  gradiva  vrlo  cesto  dovodi  do  panicnih  reakcija  ucenika  zasnovanih 
na  uvjerenju  da  se  propusteno  ne  moze  stici,  te  kao  posljedicu  imamo  fazu  “inert- 
nosti”  prema  svemu  onome  sto  je  vezano  za  matematiku,  kao  i odbojan  stay  prema 
nastavi. 

Pasivan  stay,  koji  se  yrlo  cesto  ne  manifestuje  samo  u nastayi  matematike, 
yec  ima  odraz  i u drugim  nastaynim  predmetima,  za  posljedicu  ima  uticaj  na  kom- 
pletan  ucenikoy  mentalni  sklop,  jer  je  i on  u linearnoj  zayisnosti  od  matematickih 
saznanja.  Smanjenjem  usyajanja  matematickih  sadrzaja  dolazi  do  smanjenja  men- 
talnih  sposobnosti,  a o posljedicama  je  suyisno  goyoriti. 

Zbog  nedoyoljne  aktiynosti  nastaynika,  pedagoga,  roditelja,  yrlo  cesto  se  “sin- 
drom”  neuspjeha  u nastayi  matematike  prikriyeno  proylaci  do  faze  iz  koje  se  tesko 
yraca  u fazu  samopouzdanja  i poyjerenja  ucenika  u samog  sebe  i syoje  mogucnosti. 

Na  pocetni  stadij  nezainteresoyanosti  za  nastayu  matematike,  kao  i druge  nas- 
tayne  predmete,  koji  nisu  nuzno  proizyod  nagomilanih  propusta  u pracenju  redoyne 
nastaye,  yec  mogu  bid  i proizyod  drugih  faktora,  neminoyno  se  kao  posljedice  jayl- 
jaju  problemi  kod  ucenika  koje  mozemo  grubo  syrstati  u kategorije: 

- pedagoske  prirode, 

- psiholoske  prirode, 

- socijalne  prirode, 

- ekonomske  prirode. 

Kao  sto  smo  yec  napomenuli,  jedan  od  najcescih  uzrocnika  ignorantskog 
odnosa  prema  nastayi  matematike  jeste  nagomilayanje  nastaynog  gradiya,  sto  se  u 
syjetlu  pedagoskih  posljedica jaylja  u kyantitatiynom  i kyalitatiynom  obliku.  Kyan- 
titatiyni  oblik  prepoznajemo  u odsustyoyanju  radnih  nayika,  osjecaja  za  obayeze, 
uglaynom  u neusyajanju  elementarnih  matematickih  cinjenica  itd.,  dok  se  kyalita- 
tiyni  oblik  jaylja  u pomanjkanju  logickih  rasudiyanja,  reyerzibilnosti  matematickih 
operacija  i drugo. 

Pomanjkanje  kyantitatiynih  i kyalitatiynih  sadrzaja  matematike,  odnosno  mate- 
maticki  znanja,  kod  ucenika  doyodi  do  pasiynog  pristupa  matematici,  a time 
do  neshyatanja  matematickih  sadrzaja  cime  matematika  gubi  syoju  preyashodnu 
funkciju  u yaspitno-obrazoynom  procesu. 

Ucenici  se  yrlo  cesto  ili  zatyaraju  u syoj  syijet  ili  se  u razredu  trude  da  sto  cesce 
skrecu  paznju  na  sebe,  no  kako  posjeduju  oskudno  znanje  to  nisu  u mogucnosti 
uciniti  na  polju  znanja,  ostaje  im  izbor  na  drugom,  da  budu  predmet  ismijayanja, 
nesto  poput  kloyna.  Vremenom  postaju  sye  manje  interesantni  okolini,  sto  za 
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posljedicu  ima  jos  dublje  povlacenje  u same  sebe,  gubitak  povjerenja  u vlastite 
mogucnosti,  pojavu  kompleksa  manje  vrijednosti,  apaticnost  i gubitak  ambicija. 

Socijalne  posljedice  su  vrlo  ocigledne  i uglavnom  se  manifestuju  u asocijal- 
nom  ponasanju  koje  se  lako  prepoznaje  u samovolji,  izbjegavanju  redovne  nastave, 
odbojnom  stavu  prema  nastavniku,  kolegama,  agresivnom  ponasanju. 

Kada  je  rijec  o ekonomskim  posljedicama,  jedna  takva  je  upucivanje  ucenika  na 
ponavljanje  razreda,  a to  ima  za  posljedicu  velike  fmansijske  izdatke.  Nesumnjivo, 
matematika  se  pojavljuje  kao  jedan  od  nastavnih  predmeta  koji  zauzima  neslavno 
vodece  mjesto  na  listi  uzroka  zbog  kojih  ucenici  gube  godinu,  pa  se  namece  za- 
kljucak  da  bi  poboljsanjem  uspjeha  u nastavi  matematike  i ekonomski  izdaci  bili 
umanjeni. 


Eliminisanje  neuspjeha  u nastavi  matematike 

Pocetni  korak  ka  eliminisanju  ili  umanjenju  neuspjeha  u nastavi  matematike 
kao  i u razvijanju  interesovanja  i voljne  aktivnosti  ucenika,  pripada  predmetnom 
nastavniku.  Njegov  zadatak  je  da  se  maksimalno  angazuje  i istraje  u tome.  Pri- 
mama  aktivnost  pri  tome  bila  bi  identifikacija  uzroka  neuspjeha.  Kao  glavne  uzroke 
neuspjeha  mozemo  prepoznati: 

- djelimicno  ili  nepotpuno  znanje  prethodnih  pojmova,  pravila  i zakona, 

- slabo  ili  nikakvo  poznavanje  matematickog  jezika, 

- slabo  ili  nikakvo  poznavanje  matematickih  operacija, 

- pasivno  prisustvovanje  nastavi, 

- slabe  ili  nikakve  radne  navike, 

- pomanjkanje  osjecaja  odgovornosti. 

U sustini  svi  uzroci  mogu  se  svrstati  u manjkavost  intelektualnog,  moralnog, 
estetskog  ili  fizickog  vaspitanja.  Od  navedenih  uzroka  (kojih  moze  biti  mnogo 
vise)  kod  pojedinih  ucenika  moze  se  pojaviti  samo  jedan  uzrok,  a najcesce  se  po- 
javljuje vise  njih  zajedno.  Neki  od  uzroka  se  pojavljuju  prikriveni,  ali  sa  porastom 
negativnih  posljedica  i oni  postaju  vidljiviji.  Blagovremenim  identifikovanjem 
uzrocnika  problem  je  uz  pomoc  nastavnika  vrlo  jednostavno  rjesiv.  Nakon  identi- 
fikacije  uzroka  slijedi  strateski  pristup  problemu  a zatim  preduzimanje  adekvatnih 
mjera  za  njihovo  suzbijanje  i otklanjanje. 

Otklanjanje  uzroka  i potpuno  angazovanje  ucenika  u nastavni  proces  moze  se 
obaviti  na  vise  nacina: 

dopunskom  nastavom, 

produznom  nastavom, 

ponavljanjem  razreda. 

Dopunska  nastava  ne  odvaja  se  bitno  od  redovne  nastave,  osim  u nacinu  re- 
alizacije  i broju  ucenika  koji  joj  prisustvuju.  Ona  je  interventna,  tj.  organizuje  se  u 
toku  skolske  godine,  kada  se  za  to  ukaze  potreba,  a namijenjena  je  ucenicima  koji 
teze  napreduju  u savladavanju  nastavnog  gradiva  kroz  redovnu  nastavu.  Dopun- 
ska nastava  se  organizuje  paralelno  sa  redovnom  nastavom,  prvenstveno  sa  ciljem 
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da  se  popune  praznine  koje  se  pokazu  u redovnoj  nastavi  i koje  onemogucavaju 
pojedine  ucenike  da  je  prate.  Iskustva  su  pokazala  da  je  kompenzacijski  oblik  re- 
dovne  u obliku  dopunske  nastave  vrlo  produktivan  te  da  ucenici  vrlo  brzo  sustizu  i 
nadoknaduju  propusteno  ili  neshvaceno  nastavno  gradivo.  Efekat  dopunske  nastave 
bio  bi  i veci  da  se  jedan  broj  nastavnika  usavrsava  i strucno  pouci,  jer  dosadasnja 
praksa  pokazuje  da  se  nacin  rada  u okvirima  dopunske  nastave  ne  razlikuje  bitno  od 
redovne  nastave  kod  vecine  nastavnika  iako  bi  ona  trebala  biti  prilagodena  svakom 
uceniku,  a time  i specificna. 

Produzna  nastava,  organizuje  se  nakon  okoncanja  redovne  nastave  u toku 
skolske  godine,  sa  ciljem  da  ucenici  koji  nisu  u toku  redovne  nastavne  godine 
savladali  nastavno  gradivo  dodatnim  fondom  sati  pokusaju  da  uz  pomoc  nastavnika 
nadoknade  propusteno.  U principu,  produznu  nastavu  izvode  isti  nastavnici  koji 
su  izvodili  i redovnu  nastavu,  jer  su  oni  najbolje  upuceni  u probleme  ucenika 
koji  se  upucuju  na  pohadanje  produzne  nastave.  Dosadasnja  iskustva  nedvojbeno 
ukazuju  na  relativno  skromne  rezultate  rada  produznom  nastavom.  Razlozi  za 
navedeno  su  uglavnom  psihofizicke  prirode.  Naime,  produzna  nastava  zahtijeva 
veliki  angazman  nastavnika,  kao  i ucenika,  koji  se  ogleda  u zahtjevu  da  u relativno 
kratkom  vremenskom  roku  ucenik  nadoknadi  najveci  dio  gradiva  koje  je  propus- 
tio  u toku  redovne  nastave.  Za  ostvarenje  jednog  takvog  zahvata  od  nastavnika  se 
trazi  primjena  savremenih  nastavnih  metoda  kao  i kvalitetno  didakticko-metodickih 
oblikovanje  nastave. 

Ponavlja  se  razred  kada  su  se  sve  navedene  pedagoske  ili  nenavedene  mjere 
pokazale  bez  efekta.  Ova krajnja  mjere  se  primjenjuje  kako  bi  ucenici  ponavljanjem 
razreda  nadoknadili  ili  uklonili  nedostatke  u matematickim  znanjima,  sposobnos- 
tima  kao  i radnim  navikama  koje  su  im  potrebne  za  daljnje  napredovanje  u nastavi 
matematike.  Upucivanje  ucenika  naponavljanje  razreda,  makoliko  to  nepopularna 
pedagoska  mjera  bila,  pokazuje  se  dosta  efektnom  na  generacije  ucenika,  cime 
respekt  prema  skoli  dobija  na  znacaju.  Sa  druge  strane,  ova  mjera  se  primjenjuje 
uz  pretpostavku  da  se  propusteni  nedostaci  mogu  u potpunosti  nadoknaditi,  kao 
i ojacati  ucenicke  navike  i umijeca.  “Teorijska  osnovica  ponavljanja  razreda  kao 
nacina,  mjere  i sredstva  za  suzbijanje  neuspjeha  u nastavi  matematike  u osnovnoj 
i srednjoj  skoli  je  spoznaja  o funkciji  i ulozi  matematickog  predznanja  u procesu 
ucenja  (savladavanja)  matematickih  sadrzaja  po  kojoj  (spoznaji)  ucenicima,  koji 
nisu  savladali  (usvojili)  matematicke  sadrzaje  prethodnog  razreda,  nedostaju  nuzna 
predznanja  (preduslovi)  za  uspjesno  usvajanje  matematickih  sadrzaja  sljedeceg 
razreda”  (Markovac,  1978,  str.  98). 

Mjera  upucivanja  ucenika  na  ponavljanje  razreda  uglavnom  se  preporucuje, 
naravno,  kao  posljednja  pedagoska  mjera  kod  ucenika  koji  zaostaju  u psihofizickom 
razvoju  ili  kod  ucenika  koji  zbog  bolesti  ili  drugih  razloga  nisu  bili  prisutni  na  dijelu 
redovne  nastave,  sto  ima  za  posljedicu  zaostajanje  u matematickim  znanjima  koja 
su  potrebna  za  daljnje  pracenje  redovne  nastave. 

Dosadasnja  istrazivanja,  na  uzorcima  ucenika  koji  su  bili  upuceni  na  ponavl- 
janje razreda,  pokazuju  da  se  ponavljanjem  razreda  ne  ostvaruju  ocekivani  efekti, 
odnosno  da  ucenici  ne  dopunjavaju  praznine  u matematickim  sposobnostima,  niti 
se  u znacajnijoj  mjeri  nadograduju  na  intelektualnom  nivou. 
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Sazetak.  U radu  ukazujemo  na  implikacije  uciteljskog  odnosa 
prema  matematici  na  kvalitetu  njihove  nastave  i rezultate  ucenika. 
Zanimalo  nas  je  istraziti  kakav  stav  prema  matematici  imaju  ucitelji 
razredne  nastave  u Hrvatskoj  kako  bi  iz  dobivenih  rezultata  mogli 
pokusati  otkriti  neke  od  uzroka  cesto  nezadovoljavajucih  rezultata 
ucenika  u matematici.  Odnos  ucitelja  prema  matematici  ispitali  smo 
anonimnim  anketiranjem  na  uzorku  od  cetristotinjak  ucitelja  Iz  raznih 
krajeva  Hrvatske  i Bosne  i Hercegovine.  Rezultati  su  pokazali  da 
usprkos  pozitivnlm  stavovima  koje  ucitelji  eksplicitno  deklariraju,  oni 
u svom  radu  imaju  brojne  predrasude,  kako  prema  matematici,  tako  i 
prema  svojim  ucenicima.  Osvjestavanjem  tih  predrasuda  moguce  je 
vremenom  utjecati  na  njihovo  mijenjanje,  a time  indirektno  i podizati 
kvalitetu  matematickog  obrazovanja  u periodu  razredne  nastave. 

Kljucne  rijeci:  ucitelj,  nastava  matematike 


Uvod 

Kvalitetna  nastava  od  pocetka  skolovanja  trazi  kvalitetnog  ucitelja(cu)  ^ ili  nas- 
tavnika(icu),  koji  dobro  poznaje  suvremene  metodicke  spoznaje  i zna  kako  ce  ih 
primijeniti  u vlastitoj  nastavnoj  praksi.  Bez  stalnog,  cjelozivotnog  usavrsavanja, 
ucenja,  citanja  i pracenja  suvremenih  spoznaja  o nastavi  matematike,  tesko  je 
udovoljiti  potrebama  djece  u brzom,  kompleksnom  i promjenjivom  svijetu  u ko- 
jem  zivimo.  Ucitelji  razredne  nastave,  kao  prve  strucne  osobe  koje  sustavno 
izgraduju  matematicka  znanja,  umijeca  i stavove  o matematici  kod  ucenika  na 
pocetku  skolovanja,  imaju  pred  sobom  jos  vazniji  i slozeniji  zadatak.  Oni  su, 
naime,  interdisciplinarni  strucnjaci  za  vise  predmetnih  podrucja,  a matematika  je 
samo  jedan  segment  njihova  profesionalnog  djelovanja.  Usprkos  tome,  oni  moraju 
imati  siroko  i duboko,  konceptualno  razumijevanje  i poznavanje  matematike  kako 

* U radu  ce  se  koristiti  termini  ucitelj  ili  nastavnik  kao  opce  imenice  koje  se  podjednako  odnose  i 
na  zene  i na  muskarce. 
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bi  kod  ucenika  u osjetljivim  godinama  razvili  kvalitetan  temelj  na  kojem  ce  se  kas- 
nije  nadogradivati  matematicka  znanja  i umijeca  u predmetnoj  nastavi.  Kako  bi  u 
toj  ulozi  bili  uspjesni,  od  uciteija  razredne  nastave  ocekuju  se  brojne  matematicke, 
pedagoske  i psiholoske  kompetencije. 

Mnogi  istrazivaci  smatraju  da  su  uciteljevo  razumijevanje  i primjena  suvre- 
menih  shvacanja  razvojne  psihologije  (koja  u centar  obrazovnog  sustava  postavljaju 
dijete)  bazican  uvjet  za  uspjesno  poucavanje  i ucenje  matematike  (MacNab,  2000). 
Drugi  model  kojeg  su  predlozili  Fennema  i Franke  (prema  Leou,  1998)  na  slican 
nacin  ukazuje  na  interaktivnu  i dinamicnu  prirodu  uciteljeva  matematickog  znanja, 
pedagoskog  znanja  i znanja  o ucenikovom  kognitivnom  razvoju,  ali  naglasavaju 
i vaznost  i utjecaj  uciteljevih  uvjerenja  o matematici.  Leou  (1998)  predlaze 
model  koji  postavlja  cetiri  kategorije  koje  odreduju  nastavnikove  kompetencije 
za  poucavanje  matematike,  a to  su: 

(a)  umijeca  poucavanja, 

(b)  materijalna  organizacija  i prezentacija, 

(c)  okolina  (atmosfera)  za  ucenje  stvorena  izmedu  nastavnika  i ucenika  i 

(d)  nastavnicki  stavovi  ili  uvjerenja  o matematici. 

Bez  obzira  na  nacin  klasificiranja  uciteljskih  kompetencija  za  poucavanje 
matematike,  treba  naglasiti  da  samo  posjedovanje  navedenih  kompetencija  j os  nije 
garancija  uspjesnosti  uciteija. 

Govoreci  o stavovima  uciteija  prema  matematici,  podrazumijevamo  nekoliko 
aspekata  tog  stava.  U stav  uciteija  ulazi  njihova  procjena  vaznosti  matematike,  opci 
odnos  prema  matematici,  njihova  procjena  ucenickih  mogucnosti  unutar  matem- 
atike, kao  i odnos  prema  nekim  cestim  predrasudama  koje  prate  nastavu  matem- 
atike. Tako  cemo  smatrati  da  bolji  stav  prema  matematici  ima  ucitelj  koji  je  smatra 
vaznom,  koji  je  zainteresiran  za  matematiku,  koji  smatra  da  je  svaki  ucenik  moze 
savladati  i koji  nema  predrasuda. 

“Nuzno  je,  vezano  za  neuspjeh  u nastavi  matematike  opcenito,  ukazati  na 
ustaljena  misljenja,  stavove  i predrasude  veceg  broja  roditelja,  ucenika  pa  i mnogih 
nastavnika,  prema  matematici  i ucenju  njenih  sadrzaja,  a koji  smatraju  da  je  sasvim 
prirodno  i opravdano  da  neki  ucenici  imaju  poteskoca  u razumijevanju  i usvajanju 
matematickih  sadrzaja,  zbog  izrazite  apstraktnosti  tih  sadrzaja.  U tom  krivom 
poimanju  ide  se  cak  do  te  razine  da  se  sasvim  ustalilo  misljenje  da  je  matematicka 
znanost  (znanje)  dostupno  samo  odabranim,  posebice  nadarenim,  a da  su  neki 
ucenici,  naprosto,  nesposobni  za  ucenje  matematike,  odnosno  da  im  je  matematika 
tesko  shvatljiva  i nedostupna”  (Pejic,  2003,  4).  Umjesto  da  se  od  djece  ocekuje 
mnogo,  da  se  svima  daje  prilika  za  uspjeh,  da  se  cijeni  i potice  njihova  upornost, 
interes  i trud,  ucitelji  i sira  drustvena  okolina  prihvacaju  neuspjeh  u matematici 
kao  nesto  razumljivo,  prihvatljivo,  pa  cak  i neizbjezno.  Takvi  su  stavovi  izuzetno 
opasni,  jer  su  istrazivanja  pokazala  “da  se  drustveni  polozaj  matematike  treba  pre- 
poznati  i da  se  individualna  percepcija  matematike  ne  moze  razdvojiti  od  socijalnog 
okvira  u kojem  je  stvarana  i razumijevana  od  drugih”  (Brown  i dr.,  1999,  319). 
Stoga  treba  sto  prije  mijenjati  negativnu  stigmu  koja  cesto  prati  (skolsku)  matem- 
atiku i koncentrirati  se  na  njezinu  vaznost,  Ijepotu  i korisnost  kako  u svakodnevnom 
zivotu,  tako  i u skoli. 
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“Danas  je  postalo  jasno  da  je  ucenje  cjelovit  proces  i ne  svodi  se  same  na 
pamcenje  i misljenje.  To  je  i emocionalni  dozivljaj,  i psihomotoma  aktivnost,  i 
socijalni  odnos,  i proces  samoaktualizaeije”  (Bognar,  1998,  349).  “Temelji  djete- 
tova  matematickog  razvoja  postavljeni  su  u najranijim  godinama  njegova  zivota, 
a kasnije  ih  je  potrebno  samo  nadogradivati  i razvijati.  Matematicko  se  ucenje 
treba  graditi  na  znatizelji  i odusevljenju  djeteta  i prirodno  se  razvijati  kroz  njegovo 
iskustvo.  Matematika  je  u tim  godinama,  ukoliko  je  primjereno  vezana  uz  djetetov 
svijet,  mnogo  vise  nego  spremnost  za  skolu  ili  uvodenje  u elementarno  racunanje. 
Primjerena  matematicka  iskustva  poticu  manju  djecu  da  istrazuju  zamisli  povezane 
s oblicima,  brojevima  i prostorom  na  sve  slozenije  nacine”  (NCTM,  2000,  73). 
U pocetnoj  nastavi  matematike  formiraju  se  djetetovi  stavovi  prema  matematici 
koji  mogu  znacajno  utjecati  na  njegov  buduci  matematicki  razvoj.  “Isttazivanja 
su  pokazala  da  se  do  djetetove  jedanaeste  godine  oblikuje  njegov  odnos  prema 
matematici.  Ako  je  taj  odnos  negativan,  djeca  ne  vole,  izbjegavaju  i zaziru  od 
matematike”  (Pavlekovic,  1997,  302).  Ta  uvjerenja  znacajno  utjecu  na  njihov 
daljnji  matematicki  napredak  i uspjesnost. 

Kako  bi  potaknuo  interes  i entuzijazam  za  ucenjem  matematike  kod  svojih 
ucenika,  ucitelj  treba  ulagati  trud  i entuzijazam  u svoje  poucavanje.  Naime,  “briga 
i trud  koji  ucitelji  uloze  u pripremu  moze  pozitivno  djelovati  na  ucenike  jer  po 
tome  mogu  zakljuciti  da  je  uciteljima  stalo  da  ucenici  nesto  nauce  i da  su  nastavne 
aktivnosti  vrijedne  truda”  (Kyriacou,  1997,  48).  Na  pocetku  skolovanja,  ali  i za 
vrijeme  cijelog  perioda  razredne  nastave,  vecina  ucenika  pokazuje  veliki  interes 
za  matematiku.  Oni  matematiku  nalaze  zanimljivom  i korisnom  i vjeruju  da  je 
ucenje  matematike  vazno.  Taj  je  interes  i pozitivno  uvjerenje  potrebno  njegovati  i 
odrzavati,  a tu  je  uloga  ucitelja  izuzetno  vazna.  On  mora  osmisliti  i realizirati  nas- 
tavu  koja  ce  ucenicima  biti  intelektualno  izazovna,  zanimljiva,  korisna,  upotrebljiva 
u svakodnevnom  zivotu  i u kojoj  ce  svaki  ucenik  naci  svoje  mjesto.  “Medutim,  ako 
se  ucenje  matematike  svodi  na  proces  oponasanja  uciteljeva  rada  i memoriranje 
cinjenica,  ucenici  ce  brzo  izgubiti  interes  i volju  za  ucenjem”  (NCTM,  2000,  143). 


Metodologija  istrazivanja 


Brojna  su  istrazivanja  pokazala  povezanost  i pozitivnu  korelaciju  izmedu 
uciteljevih  kompeteneija,  nacina  njegova  rada  i stavova  koje  ima  o predmetu  kojeg 
poucava  sa  kompeteneijama,  rezultatima  i stavovima  ucenika  u istom  predmetnom 
podrueju  (vidi  Wayne  i Youngs,  2003;  Solomon,  1998;  Peterson  i dr.,  1989;  Mac- 
Nab,  2000;  Linares  i dr.,  2005;  Sun  Lee  i Ginsburg,  2007).  Nacinom  poucavanja, 
aktivnostima  koje  provodi,  ali  i svojim  opcim  odnosom  prema  matematici,  ucitelj 
ostvaruje  veliki  utjecaj  na  ukupna  postignuca  ucenika  u periodu  razredne  nastave. 
“Uvjerenja,  stavovi  i emotivni  dozivljaj  igraju  vazne  uloge  u razvijanju  kritickog 
i kreativnog  smisla  za  matematiku”  (Blum,  2002,  161).  Upravo  zato  je  vazno  i 
vrijedno  ispitati  stavove  ucitelja  razredne  nastave  prema  matematici,  sto  je  i cilj 
ovog  rada. 


Stav  uciteija  razredne  nastave  prema  matematici 
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Da  bi  ispitali  stavove  uciteija  prema  matematici,  napravljen  je  anketni  listic  ko- 
jeg  su  ucitelji  anonimno  popunjavali^.  Kod  ispitivanja  subjektivnih  komponenata, 
kao  sto  je  necije  misljenje  ili  stav,  nikada  ne  mozemo  bid  sigurni  da  je  odgovor 
koji  smo  dobili  stvarno  odraz  misljenja  i ponasanja  ispitivane  osobe.  Deklari- 
rani  stavovi  uciteija  o matematici,  kompetencijama  ili  nacinu  provodenja  nas- 
tave matematike,  cesto  ne  odgovaraju  njihovim  stvarnim  ponasanjima  u nastavnim 
situacijama.  Mozemo  pretpostaviti  da  ce  u iskazivanju  misljenja  i stavova  ucitelji 
bid  skloniji  birati  odgovore  za  koje  pretpostavljaju  da  ih  ispitivac  zed  cuti  ili  dobiti 
(Muzic,  1999).  lako  smo  kod  provodenja  ankete  pokusali  naglasiti  cinjenicu  da 
u anketi  nema  tocnih  i netocnih  odgovora,  pretpostavljamo  da  dobivene  rezultate 
debamo  uzimati  s velikom  rezervom. 

Uzorak  je  cinilo  400  uciteija  razredne  nastave  iz  Republike  Hrvatske  i Bosne 
i Hercegovine.  Opci  podaci  koji  su  dazeni  od  ispitanika  odnosili  su  se  na  drzavu 
u kojoj  rade,  strucnu  spremu,  spol  te  duljinu  radnog  staza.  Broj  ispitanika  u 
pojedinim  kategorijama  prikazan  je  u Tablici  1. 


N 

ukupno 

N 

bf  ukupno 
% 

M 

mm 

D 

drzava 

Bosna  i Hercegovina 

21 

167 

1 

192 

47 

Republika  Hrvatska 

12 

199 

208 

53 

Total 

33 

366 

1 

400 

100 

strucna  sprema 

srednja  strucna  sprema 

3 

13 

16 

4 

visa  strucna  sprema 

18 

200 

218 

55 

visoka  strucna  sprema 

12 

148 

1 

161 

40 

neodredeno 

5 

5 

1 

Total 

33 

366 

1 

400 

100 

radni  staz 

do  5 

4 

75 

79 

20 

od  6 do  10 

4 

62 

66 

16 

od  11  do  20 

9 

131 

1 

141 

35 

od  20  do  30 

8 

51 

59 

15 

preko  30 

8 

47 

55 

14 

Total 

33 

366 

1 

400 

100 

Tablica  1.  Ispitanici  prema  drzavi,  strucnoj  spremi,  godinama  staza  i spolu. 

Obzirom  na  drzavu  iz  koje  ispitanici  dolaze,  njih  208  ili  53%  djelovalo  je  u 
denutku  ispitivanja  u Republici  Hrvatskoj,  dok  je  192  ili  47%  ispitanika  bilo  za- 
posleno  u Bosni  i Hercegovini.  Obzirom  na  velicinu  uzorka  (N  = 400),  smatramo 
da  je  uzorak  reprezentativan  za  uciteljske  populacije  u obje  drzave.  Prema  strucnoj 
spremi  uciteija,  vidimo  da  najveci  broj  ispitanika  ima  visu  strucnu  spremu  (55%), 
zatim  visoku  sducnu  spremu  (40%),  a najmanji  broj  ispitanika  (svega  4%)  ima 
srednju  sducnu  spremu.  Zbog  malog  broja  ispitanika  u kategoriji  srednje  sducne 

Anketiranje  je  provedeno  u okviru  sireg  istrazivanja  standarda  matematickih  kompetencija  u 
pocetnoj  nastavi  matematike,  a za  potrebe  ovog  rada  izdvojen  je  samo  segment  koji  se  odnosio  na 
stavove  uciteija. 
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spreme  u odnosu  na  druge  dvije  kategorije,  njihovi  su  nam  rezultati  bili  nekom- 
parabilni.  Stoga  smo  u daljnjoj  obradi  podataka  morali  tu  kategoriju  zanemariti, 
odnosno,  zadrzati  se  na  same  dvije  kategorije  ispitanika  prema  struenoj  spremi, 
visa  i visoka  struena  sprema.  Ustanovili  smo  da  je  uzorak  izrazito  neujednacen 
prema  faktoru  spol  (M  = 33,  Z = 366,  jedan  ispitanik  se  nije  izjasnio),  stoga  smo 
odustali  od  analiziranja  rezultata  prema  toj  kategoriji.  Takav  odnos  muskih  i zenski 
ucitelja  nas  nije  iznenadio  i odraz  je  stanja  u razrednoj  nastavi  i skolstvu  opcenito 
u gotovo  svim  zemljama  (vidi  Polic,  2003). 

Ispitanike  smo,  prema  godinama  staza,  razvrstali  u pet  kategorija,  defmiranih 
kao  vremenske  intervale  od  0 do  5 godina,  od  6 do  10  godina,  od  1 1 do  20  god- 
ina,  od  21  do  30  godina  i preko  30  godina  staza.  lako  kategorije  nisu  vremenski 
ujednaceni  intervali,  smatramo  da  takva  razdioba  omogucava  zakljucivanje  o rad- 
nom  iskustvu  ispitanika  iz  svake  od  kategorija.  Razdioba  na  dobar  nacin  izdvaja 
ucitelje  pocetnike,  cime  smatramo  ucitelje  s radnim  stazem  do  5 godina,  te  ucitelje 
pred  mirovinom,  s preko  30  godina  radnog  staza. 


Rezultati  i rasprava 

Stavove  ucitelja  o matematici  utvrdivali  smo  kroz  deset  tvrdnji  o kojima  su 
ispitanici  izrazavali  svoje  slaganje  na  Likertovoj  Ijestvici  od  1 do  5 (od  1-potpuno 
neslaganje,  do  5-potpuno  slaganje).  Tvrdnje  su  vidljive  u Tablici  2.  Tvrdnje  smo 
izabrali  na  nacin  da  smo  kombinirali  pet  pozitivnih  tvrdnji  o matematici,  te  pet 
uobicajenih  predrasuda  o njoj.  Smatramo  da  je  stav  pojedinog  ispitanika  pozi- 
tivniji  ukoliko  se  vise  slaze  s pozitivnim  tvrdnjama  o matematici,  odnosno  ukoliko 
se  manje  slaze  s uvrijezenim  predrasudama.  Drugim  rijecima,  smatramo  da  se  stav 
o matematici  iskazuje  iznosenjem  pozitivnog  misljenja  o njoj,  kao  i nesklonosti 
negativnim  predrasudama  o matematici. 

Kako  bi  testirali  tu  svoju  teorijsku  pretpostavku  o dva  razlicita  izrazavanja 
stava  o matematici,  proved  smo  postupak  faktorske  analize.  Prije  samog  pos- 
tupka,  testirali  smo  prikladnost  podataka  za  provodenje  faktorske  analize.  U tu 
svrhu  izracunali  smo  Bartlettov  test  sfericiteta,  koji  se  pokazao  veoma  znacajnim 
ip  < 0,01).  Proved  smo  i Kaiser-Meyer-Olkinovu  (KMO)  mjeru  prikladnog 
uzorkovanja  ciju  smo  vrijednost  od  0,  8 oeijenid  kao  vrlo  zadovoljavajucu,  pa  smo 
zakljucid  kako  je  opravdano  provesti  postupak  faktorske  analize. 

Postupkom  faktorske  analize  primijenjenom  na  deset  navedenih  tvrdnji,  izlucena 
su  dva  glavna  faktora,  koje  najbolje  uocavamo  u rotiranoj  faktorskoj  matrici  u 
Tablici  2. 


Tvrdnja  iz  ankete 

Factor 

1 

2 

Ucenje  matematike  je  zadovoljstvo. 

0,710 

Matematiku  ne  moze  svatko  uspjesno  svladati. 

0,518 

Matematika  je  usko  povezana  sa  stvamim  zivotom. 

0,518 
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Inteligentna  su  djeca  uspjesna  u matematici. 

0,388 

Osnovna  je  svrha  matematike  nauciti  racunati. 

0,487 

Matematika  je  zabavna  i kreativna. 

0,772 

Hi  jesi,  ili  nisi  za  matematiku. 

0,651 

Matematika  je  svakome  u zivotujako  korisna. 

0,498 

Matematika  je  jako  tezak  predmet. 

0,409 

-0,  573 

Ja  volim  matematiku. 

0,591 

Tablica  2.  Rotirana  faktorska  matrica  stavova  o matematici. 


Kao  sto  se  vidi  iz  Tablice  2,  gotovo  sve  tvrdnje  su  jasno  razdijeljene  u jedan 
od  dva  izlucena  faktora.  Jedino  tvrdnja  “Matematika  je  jako  tezak  predmet”  nije 
jasno  opredjeljena,  odnosno  zasicuje  djelomicno  i jedan  i drugi  faktor.  Stoga  smo 
navedenu  tvrdnju  iskljucili  iz  daljnje  obrade  i nismo  je  uzimali  u izracunavanju 
opceg  stava  ispitanika. 

Prvi  faktor  povezuje  pet  tvrdnji  koje  smo  i u izradi  ankete  osmislili  kao  pozi- 
tivne  tvrdnje,  pa  ga  mozemo  nazvati  “pozitivno  misljenje  o matematici”.  Rijec  je  o 
tvrdnjama  “Ucenje  matematike  je  zadovoljstvo  ”,  “Matematika  je  usko povezana  sa 
stvamim  zivotom”,  “Matematika  je  zabavna  i kreativna” , “Matematika  je  svakome 
u zivotujako  korisna  ” i “Ja  volim  matematiku  Veci  brojevi  na  Likertovoj  Ijestvici 
pridruzeni  tim  tvrdnjama,  pokazuju  pozitivniji  ispitanikov  stav  o matematici.  Drugi 
faktor  zasicen  je  sa  cetiri  tvrdnje  koje  mozemo  nazvati  “predrasude  o matematici”. 
To  su  tvrdnje  “Matematiku  ne  maze  svatko  uspjesno  svladati”,  “Inteligentna  su 
djeca  uspjesna  u matematici”,  “Osnovna  je  svrha  matematike  nauciti  racunati”  i 
“Hi  jesi,  Hi  nisi  za  matematiku” . Visoko  slaganje  s tim  tvrdnjama  na  Likertovoj 
Ijestvici  pokazuje  negativniji  stav  o matematici,  buduci  da  predrasude  pokazuju 
negativna,  uvrijezena,  ali  pogresna  misljenja  o matematici.  Stoga  smo  vrijednosti 
pridodane  tim  cetirima  tvrdnjama  simetricno  okrenuli,  na  nacin  da  smo  uzlazne 
vrijednosti  Likertove  Ijestvice  od  1 do  5,  pretvorili  u silazni  niz  od  5 do  1 (tko  je 
zaokruzio  5,  dobio  je  1 bod;  tko  je  zaokruzio  4,  dobio  je  2 boda  i tako  dalje).  Tako 
je  veci  broj  bodova  pridruzen  ispitaniku  koji  pokazuje  manje  slaganje  s odredenom 
predrasudom. 

lako  je  faktorska  analiza  pokazala  da  nas  mjerni  instrument  mjeri  dvije  ra- 
zlicite  stvari  koje  smo  nazvali  “pozitivno  misljenje  o matematici”  i “predrasude  o 
matematici”,  smatramo  da  jedan  i drugi  faktor  cine  dio  opceg  uciteljeva  stava  o 
matematici.  Naime,  vece  slaganje  s tvrdnjama  koje  zasicuju  prvi  faktor  pokazuje 
pozitivniji  stav  o matematici,  a vece  slaganje  s tvrdnjama  koje  zasicuju  drugi  faktor 
pokazuje  negativniji  stav.  Kako  bi  dobili  jedinstveni  stav  svakog  ispitanika,  zbro- 
jili  smo  pripadne  vrijednosti  u svih  devet  tvrdnji  (uz  napomenu  da  su  vrijednosti 
koje  su  ispitanici  pridodali  predrasudama  simetricno  zamjenjene)  i dobiveni  zbroj 
podijelili  s brojem  tvrdnji.  Na  taj  smo  nacin  kvantitativno  izkazali  stav  prema 
matematici  svakog  ispitanika  na  intervalu  od  1 do  5.  Prema  nasoj  interpretaciji, 
izrazito  negativnim  stavom  smatramo  stav  ispitanika  ispod  2,0,  dok  negativnim 
stavom  o matematici  smatramo  stav  od  2,0  do  3,0.  Zadovoljavajucim  stavom  sma- 
tramo stav  od  3,0  do  4,0,  stav  iznad  4,0  smatramo  pozitivnim,  a iznad  4,5  izuzetno 
pozitivnim  stavom  o matematici. 
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U Tablici  3 prikazane  su  srednje  vrijednosti  rezultata  svih  ispitanika  u svakoj 
pojedinoj  tvrdnji,  kao  i srednja  vrijednost  ukupnog  stava  ispitanika  o matematici 
koja  iznosi  3,6.  lako  je  srednja  vrijednost  stava  u gornoj  polovici  Ijestvice,  s takvom 
vrijednoscu  opceg  stava  prema  matematici  ipak  ne  mozemo  biti  potpuno  zadovoljni, 
buduci  je  rijec  o uciteljima  razredne  nastave  koji  veliki  dio  svog  nastavnog  rada 
poucavaju  matematiku.  Promatrajuci  dobivene  rezultate,  uocavamo  da  su  rezultati  u 
pojedinim  predrasudama  o matematici  relativno  niski  (u  donjoj  polovici  Ijestvice), 
sto  ukazuje  na  relativno  visoko  slaganje  ispitanika  s tim  predrasudama.  Rezultati 
u tvrdnjama  koje  iskazuju  pozitivno  misljenje  o matematici  u svim  su  pripadnim 
tvrdnjama  veci  od  4,0.  Mozemo  pretpostaviti  da  su,  usprkos  velikom  slaganju  ispi- 
tanika s pozitivnim  tvrdnjama,  njihove  predrasude  bitno  snizile  ocjenu  ukupnog 
stava.  Ovaj  nas  zakljucak  ujedno  upucuje  na  potrebu  osvijescivanja  predrasuda 
o matematici  kod  ucitelja  razredne  nastave,  cime  bi  se  njihov  stav  o matematici 
mogao  podici  na  visi  nivo. 


srednja 

vrijednost 

standardna 

devijacija 

Ucenje  matematike  je  zadovoljstvo. 

4,20 

0,735 

Matematiku  ne  moze  svatko  uspjesno  svladati. 

2,34 

1,030 

Matematika  Je  usko  povezana  sa  stvamim  zivotom. 

4,38 

0,726 

Inteligentna  su  djeca  uspjesna  u matematici. 

2,32 

1,053 

Osnovna  je  svrha  matematike  nauciti  racunati. 

3,04 

1,212 

Matematika  je  zabavna  i kreativna. 

4,34 

0,745 

Ili  jesi,  ili  nisi  za  matematiku. 

2,87 

1,180 

Matematika  je  svakome  u zivotu  jako  korisna. 

4,34 

0,782 

Ja  volim  matematiku. 

4,43 

0,804 

ukupan  stav 

3,5736 

0,47266 

Tablica  3.  Stavovi  ispitanika  o matematici. 

Predrasuda  s kojom  se  ispitanici  najvise  slazu  je  tvrdnja koja kaze  “Inteligentna 
su  djeca  uspjesna  u matematici” . Takvo  uvjerenje,  koje  cesto  susrecemo  kod 
ucitelja  i nastavnika,  doprinosi  dozivljavanju  i shvacanju  matematike  kao  selekci- 
jskog  predmeta,  sto  je  cesto  razlog  zaziranja  od  matematike  kod  ucenika.  Jasno  je 
da  inteligencija  olaksava  postizanje  uspjeha  u bilo  kojem  predmetu,  pa  i u matem- 
atici, ali  postoje  brojna  inteligentna  djeca  koja  u matematici  ipak  ne  postizu  zado- 
voljavajuce  rezultate.  Prema  Sharmi  (2001),  cak  oko  “25%  ljudi  s prosjecnim  ili 
iznadprosjecnim  opcim  stupnjem  kognitivne  inteligencije  ima  nedovoljno  razvijeno 
matematicko  misljenje”  (Sharma,  2001,  10).  Slaganje  ucitelja  s tom  predrasudom 
moze  biti  destruktivno  u podizanju  uspjesnosti  ucenika  u matematici.  Naime,  uko- 
liko  ucitelji  smatraju  da  samo  pametna  djeca  mogu  biti  uspjesna  u matematici, 
onda  se  ona  koja  to  po  njima  nisu,  mogu  odmah  prestati  truditi,  jer  oni  nikada  nece 
doseci  uspjeh  (Brown,  1998,  88).  Pozitivna  tvrdnja  u kojoj  su  ispitanici  iskazali 
najvece  slaganje  i najpozitivniji  stav,  jest  tvrdnja  “Ja  volim  matematiku” . Jasno  je, 
medutim,  da  je  ta  tvrdnja  potpuno  subjektivna  i sama  po  sebi  se  ne  moze  uzimati 
kao  iskljucivi  dokaz  necije  sklonosti  prema  matematici. 
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Ukupan  stav  ispitanika  o matematici  kretao  se  u intervalu  od  2,2  do  5,0, 
sto  znaci  da  nijedan  ispitanik  nije  iskazao  potpuno  negativan  stav  o matematici. 
Promotrimo  li  razdiobu  uciteljskih  stavova  na  Grafikonu  1,  vidimo  da  je  najvise 
ispitanika  sa  stavom  u intervalu  izmedu  3,0  i 4,1  sto  smatramo  zadovoljavajucim 
stavom  o matematici. 


Mean  = 3,5736 
Std.  Dev.  = 0,47266 
N = 400 


Grafikon  1.  Razdioba  stavova  uciteija  o matematici. 

Svega  je  28  ispitanika  iskazalo  negativan  stav  o matematici,  a samo  njih  14 
iskazalo  je  izuzetno  pozitivan  stav.  Mozemo  zakljuciti  da  vecina  ispitanika  izrazava 
pozitivan  stav  o matematici,  odnosno  da  je  vrijednost  njihova  stava  najcesce  u gom- 
joj  polovici  Ijestvice.  Ipak,  obzirom  da  se  radi  o populaciji  uciteija  koji  poucavaju 
mlade  generacije  matematici  u veoma  osjetljivom  razdoblju  njihova  zivota,  trebalo 
bi  teziti  podizanju  stava  iznad  ocjene  4,0.  Mali  broj  ispitanika  s izuzetno  pozitivnim 
stavom  o matematici  (3,5%)  takoder  je  indikativan  i ukazuje  na  potrebu  dubljeg 
istrazivanja  ove  problematike. 


Stav  ispitanika  prema  matematici  promatrali  smo  i u odnosu  prema  opcim  var- 
ijablama  (drzavi,  strucnoj  spremi  ispitanika,  radnom  stazu),  arezultati  suprikazani 
u Tablici  4. 


drzava 

Strucna  sprema 

Godine  staza 

BiH 

Hr 

srednja 

visa 

visoka 

od  0 
do  5 

od  6 
do  10 

odll 
do  20 

od  21 
do  30 

vise 
od  30 

srednja  vrijednost  stava 

BEE] 

3,26 

BS 

3,68 

3,55 

3,61 

3,60 

3,41 

Tablica  4.  Srednja  vrijednost  ukupnog  stava  ispitanika  o matematici 
u odnosu  na  opce  kategorije. 


Promatrajuci  stav  ispitanika  u dvije  drzave,  uocavamo  da  ispitanici  u Hrvatskoj 
pokazuju  nesto  pozitivniji  stav  o matematici  (M  = 3,65)  od  ispitanika  u BiH 
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(M  = 3, 49).  Kako  bi  provjerili  statisticku  znacajnost  te  razlike,  proveli  smo  t-test 
znacajnosti  razlika  srednjih  vrijednosti  rezultata  na  Ijestvici  stavova  o matematici 
izmedu  ispitanika  iz  BiH  i Hrvatske  koji  je  pokazao  da  je  ta  razlika  statisticki 
znacajna  (r  = —3,478;  p < 0,01). 

Ovaj  bi  rezultat  mogao  bit!  posljedica  nedavnog  reformiranja  skolstva  u 
Hrvatskoj.  Naime,  u Republic!  Hrvatskoj  je  od  2006.  godine  primijenjen  HNOS, 
a u okviru  njegove  implementacije  odrzavani  su  brojni  seminari,  predavanja  i ra- 
dionice  u kojima  su  se  ucitelji  pripremali  za  osuvremenjivanje  pristupa  u nastavi 
matematike.  Reforme  sustava  obicno  povlace  pojacano  fmanciranje  sustava,  bolju 
materijalnu  opremljenost,  uvodenje  modernijih  pedagoskih  standarda,  all  usmjera- 
vanje  paznje  sire  drustvene  javnosti  na  prosvjetni  sektor.  Mozemo  pretpostaviti  da 
reformiranje  sustava  povecava  interes  ucitelja  za  osuvremenjivanje  vlastite  nastave, 
budi  entuzijazam  u radu  i opcenito  poboljsava  njihov  stav. 

Pomotrimo  li  stav  ispitanika  u odnosu  na  njihovu  strucnu  spremu,  primjecujemo 
da  ispitanici  s visom  strucnom  spremom  iskazuju  negativniji  stav  (M  = 3,52) 
od  ispitanika  s visokom  strucnom  spremom  (M  = 3,68).  Znacajnost  razlika 
srednjih  vrijednosti  rezultata  na  Ijestvici  stavova  izmedu  ove  dvije  skupine  ispi- 
tanika ispitali  smo  t-testom  i pokazali  da  je  uocena  razlika  statisticki  znacajna 
(t  = —3,197;  p < 0,01).  Izracun  Pearsonova  koeficijenta  korelacije  izmedu 
ukupnog  stava  ispitanika  i njihove  strucne  spreme  takoder  pokazuje  postojanje 
male,  ali  znacajne  povezanosti  (r  = 0, 206;  p < 0,  01).  Mozemo  stoga  zakljuciti 
da  veca  strucna  sprema  ucitelja  uglavnom  ukazuje  i na  njihov  pozitivniji  stav  prema 
matematici.  Ta  cinjenica  moze  bid  posljedica  bolje  educiranosti  visokoobrazovanih 
ucitelja,  a bolja  educiranost  o nekoj  pojavi  ima  za  posljedicu  i pozitivniji  stav  o njoj. 
U svakom  slucaju  ovaj  rezultat  potvrduje  vaznost  i nuznost  produljavanja  obrazo- 
vanja  ucitelja  razredne  nastave  na  5 godina,  kao  i uvodenja  obaveze  cjelozivotnog 
obrazovanja  kroz  sustav  licenca  koje  uvode  i Hrvatska  i BiH. 

Usporedimo  li  srednje  vrijednosti  stavova  ispitanika  o matematici  u odnosu 
na  duljinu  njihova  radnog  staza,  iz  Tablice  4 vidimo  da  medu  njima  neke  uocljive 
pravilnosti.  Najveca  je  vrijednost  na  Ijestvici  stavova  dobivena  u skupini  ucitelja 
pocetnika  (do  5 godina  staza)  (M  = 3, 63),  najmanja  kod  ucitelja  s preko  30  godina 
radnog  staza  (M  = 3,41),  ali  u daljnjoj  razdiobi  ne  vidimo  neku  ocitu  pravilnost. 
Kako  bi  ipak  utvrdili  znacajnost  tih  razlika  izmedu  pet  podskupina  ispitanika  s 
razlicitom  duljinom  staza,  proveli  smo  analizu  varijance  koja  je  potvrdila  da  te 
razlike  ne  mozemo  smatrati  statisticki  znacajnima  (F  = 2, 365;  p > 0, 05). 


Zakijucci 

Uloga  matematike  u uvjetima  suvremenog  zivljenja  postaje  sve  znacajnija, 
kako  za  pojedinca,  tako  i za  drustvo  u cjelini.  “Potreba  za  razumijevanjem  matem- 
atike i njezinim  koristenjem  u svakodnevnom  privatnom  i profesionalnom  zivotu 
nikada  nije  bila  veca,  a u buducnosti  ce  se  ta  potreba  nastaviti  i jos  vise  rasti” 
(NCTM,  2000,  4) . Upravo  zato  matematicko  obrazovanje  na  svim  nivoima  mora 
ucenicima  osigurati  kvalitetna  i korisna  matematicka  znanja  i kompetencije  s ko- 
jima ce  se  moci  ukljuciti  u dinamican  i nepredvidiv  svijet  sutrasnjice. 
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Losi  rezultati  ucenika  na  svim  nivoima  obrazovanja  navode  nas  na  preispiti- 
vanje  svih  parametara  koji  imaju  utjecaj  na  rezultate  matematickog  obrazovanja, 
a jedan  od  najznacajnijih  je  upravo  ucitelj  ili  nastavnik  koji  poucava  matematiku. 
Podrucje  naseg  interesa  je  prvenstveno  pocetna  nastava  matematike  koja  se  real- 
izira  u razrednoj  nastavi,  pod  vodstvom  uciteija  razredne  nastave.  ’’Naime,  uloga 
uciteija  je  nezamjenjiva  u nastavi  matematike,  posebno  u pocetnoj  nastavi,  a samim 
tim  je  nezamjenjiv  i njegov  utjecaj  i prinos  uspjehu  odnosno  neuspjehu  nastave” 
(Pejic,  2003,  9).  Ucitelj  planira  i vodi  nastavni  proces,  odabire  probleme  na  kojima 
ce  ucenici  raditi,  usmjerava  komunikaciju  i vodi  ucenike  prema  konceptualnom 
razumijevanju  matematike.  Ucitelj  utjece  na  ucenike  na  mnogo  eksplicitnih  i im- 
plicitnih  nacina.  “Uvjerenja,  znanje,  prosudbe,  razmisljanje  i odluke  uciteija  imaju 
dubok  ucinak  i na  nacin  na  koji  poucavaju  i na  proces  ucenickog  ucenja.  Uz  to, 
uciteljska  uvjerenja,  razmisljanja,  prosudbe,  znanja  i odluke  utjecu  i na  nacin  na 
koji  oni  sami  dozivljavaju  i razmisljaju  o poucavanju  novih  kurikulumskih  sadrzaja 
koje  dobivaju  kao  i o sirini  implementacije  u vjezbanju  i poucavanju”  (Peterson  i 
dr.,  1989,  2). 

Odnos  uciteija  prema  matematici  u velikoj  mjeri  utjece  na  uspjesnost  ucenika  i 
njihov  stav  o matematici.  Ucitelj  razredne  nastave  radi  s djecom  u veoma  osjetljivim 
godinama  i to  u kontinuitetu  od  4 ili  5 godina.  U radu  smo  istrazili  odnos  uciteija 
razredne  nastave  prema  matematici,  te  zakljucili  da  dobivene  rezultate  ne  mozemo 
smatrati  potpuno  zadovoljavajucim.  Naime,  pokazalo  se  da  ucitelji  imaju  brojne 
predrasude  prema  matematici,  a te  predrasude  zasigurno  utjecu  i na  njihov  stav 
prema  ucenicima,  njihovim  rezultatima  i cjelokupnom  nastavnom  procesu.  Stoga 
trebamo  teziti  da  te  predrasude  uciteija  osvijestimo  i mijenjamo,  sto  ce  dovesti  do 
podizanja  njihova  opceg  stava  prema  matematici.  Utjecaj  na  njihov  stav  moguce 
je  ostvariti  kroz  obrazovanje  buducih  uciteija  na  uciteljskim  fakultetima,  ali  i kroz 
njihov  cjelozivotni,  profesionalni  razvoj  i unaprjedivanje. 
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ANKETA 


Molimo  procijenite  slaganje  sa  slijedecim  tvrdnjama  zaokruzujuci  na  pri- 
padajucoj  Ijestvici  od  5 stupnjeva  SAMO  JEDNU  od  ponudenih  ocjena  koje  znace: 


3 4 

niti  se  slazem,  uglavnom 
niti  ne  slazem  se  slazem 


Ucenje  matematike  je  zadovoljstvo. 

nHDDH 

Matematiku  ne  moze  svatko  uspjesno  svladati. 

DHDDB 

Matematika  je  usko  povezana  sa  stvarnim  zivotom. 

DHBDB 

Inteligentna  su  djeca  uspjesna  u matematici. 

BBBBB 

Osnovna  je  svrha  matematike  nauciti  racunati. 

BBBBB 

Matematika  je  zabavna  i kreativna. 

BBBBB 

Ill  jesi,  ill  nisi  za  matematiku. 

BBBBB 

Matematika  je  svakome  u zivotu  jako  korisna. 

BBBBB 

Matematika  je  jako  tezak  predmet. 

BBBBB 

Ja  volim  matematiku. 

BBBBB 

5 

u potpunosti 
se  slazem 


1 2 

uopce  se  uglavnom  se 
ne  slazem  ne  slazem 
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3.  meaunarodni  znanstveni  skup 

MATEMATIKA  I DIJETE 


Ucitelj  i udzbenik  u nastavi  geometrije 


Dubravka  Glasnovic  Gracin 

Uciteijski  fakultet  - Odsjek  u Cakovcu,  Sveuciliste  u Zagrebu,  Hrvatska 


Sazetak.  Ovaj  rad  se  bavi  pitanjima  vezanim  uz  ulogu  nastavnika, 
kurikuluma  i udzbenika  u nastavi  geometrije.  U nastavi  matematike 
dogada  se  susret  “dviju  matematika”  - matematike  kao  znanstvene 
discipline,  te  svakodnevne  matematike  bliske  ucenicima.  Stoga  je 
posebno  znacajna  uloga  nastavnika  kao  strucnjaka-posrednika  izmedu 
ovih  dviju  kultura  (Prediger,  2004).  Nastava  geometrije  je  pritom 
narocito  zanimljiva  za  analizu,  jer  geometrijski  problemi  objedinjuju 
kako  prakticne  tako  i apstraktne  ideje. 

Stoga  se  postavlja  pitanje  na  koji  nacin  se  taj  susret  matematike 
kao  znanosti  i svakodnevne  matematike  dogada  u nastavi  geometrije 
u Hrvatskoj.  Istrazivanje  matematickih  udzbenika  moze  djelomicno 
odgovoriti  na  to  pitanje.  U ovom  clanku  prikazani  su  rezultati  is- 
trazivanja  geometrijskih  sadrzaja  u matematickim  udzbenicima  visih 
razreda  osnovne  skole. 

Rezultati  pokazuju  da  u zadacima  iz  udzenickih  kompleta  prevla- 
davaju  zahtjevi  operiranja,  a da  su  u manjini  zadaci  koji  traze  argumen- 
tiranje  i refleksiju  o geometrijskim  konceptima.  Problem  povezivanja 
svakodnevne  matematike  s gradivom  je  potenciran  cinjenicom  ne- 
dovoljnog  broja  zadataka  s realisticnim  i autenticnim  kontekstom. 
Stoga  se  na  temelju  rezultata  diskutira  o ulozi  udzbenika,  nastavnika  i 
kurikuluma  u interkulturalnoj  perspektivi  nastave  geometrije. 

Kljucne  rijeci:  analiza,  nastava  geometrije,  ucitelj,  udzbenik, 
interkulturalna  perspektiva 


Uvod 

O sirokoj  upotrebi  udzbenika  u nastavi  matematike  svjedoce  mnoga  istrazivanja 
(Pepin  i Haggarty,  2001.).  Istrazivanje  od  Glasnovic  Gracin  i Domovic  (2009) 
pokazuje  veliku  primjenu  matematickih  udzbenika  u visim  razredima  osnovne 
skole  u Republici  Hrvatskoj.  Ispitani  nastavnici  koriste  udzbenicki  komplet  za 
pripremu  nastave,  dok  ga  ucenici  najvise  koriste  za  vjezbanje  zadataka  i za  domacu 
zadacu.  Nastavnik  pritom  u nastavi  ima  ulogu  medijatora  izmedu  udzbenickog 
teksta  i ucenika.  Ovi  nalazi  se  odnose  na  cjelokupnu  nastavu  matematike,  pa  tako 
i na  nastavu  geometrije. 
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Nastava  geometrije je  od  davnina  bila  sastavni  dio  poucavanja  matematike.  Na- 
jstariji  poznati  matematicki  papirusi  odnose  se  vecinom  na  geometrijske  probleme 
koji  su  nastali  iz  svakodnevnih  potreba.  Uostalom,  sam  naziv  “geometrija”  otkriva 
potrebu  za  mjerenjem  zemljista,  tj.  primjenu  matematike  u svakodnevici.  S druge 
strane,  starogrcka  matematika  utemeljuje  jedan  drugaciji  pogled  na  geometriju  - 
apstraktan,  deduktivan  i fdozofski  orijentiran  pristup  geometrijskim  temama  koji 
je  daleko  od  direktne  primjene  za  svakodnevni  zivot.  Taj  pogled  se  najbolje  ocituje 
u aksiomatskom  pristupu  prikazanom  u Euklidovim  Elementima.  Euklidovi  Ele- 
menti  su  bili  najvazniji  izvor  za  ucenje  geometrije  u Europi  u Srednjem  vijeku,  ali 
i kasnije  u nekim  europskim  skolama  i ucilistima  (Dadic,  1982.;  Jembrih,  2008.). 

Mozemo  stoga  primijetiti  dvojaku  snagu  geometrije  u nastavi  - geometrija 
koja  izvire  iz  potreba  svakodnevnog  zivota  (svakodnevna  geometrija),  te  geometrija 
koja  tezi  u strogu  apstrakciju  (geometrija  kao  dio  matematike  kao  znanstvene  dis- 
cipline). Oba  aspekta  trebaju  biti  prisutna  u nastavi  geometrije,  prozimati  se  i 
povezivati  se  gdje  god  je  to  moguce.  Udzbenik  i ucitelj  matematike  pritom  imaju 
vaznu  ulogu.  Povezivanje  svakodnevne  geometrije  s geometrijom  kao  strogom 
znanstvenom  disciplinom  odnosi  se  na  tzv.  interkulturalnu  perspektivu  u nastavi 
matematike  (Prediger,  2004). 


Interkulturalna  nastava  matematike 

U svojoj  knjizi  “Mathematiklernen  in  interkultureller  Perspektive”  Susanne 
Prediger  (2004)  govori  o odnosu  matematike  kao  znanosti,  nastave  matematike  i 
svakodnevne  kulture.  Autorica  nastavu  matematike  vidi  kao  interkulturalni  pro- 
ces  izmedu  svakodnevne  kulture  i matematike  kao  znanstvene  kulture.  Primjena 
matematike  u realnim  i autenticnim  situacijama  na  nastavi  doprinosi  njihovom 
povezivanju.  Heymannov  koncept  “matematike  kao  inventara  svijeta  u kojem 
zivimo”  (“Mathematik  als  Inventar  der  Eebenswelt”,  Heymann,  1996.)  se  po- 
dudara  s ovom  idejom.  Dodajmo  da  se  izmedu  svakodnevice  i matematike  kao 
znanosti  stvorila  jos  jedna  “kultura”,  a to  je  kultura  nastave  matematike  koja  ima 
dugu  tradiciju  i koja  takoder  ima  svojih  osobitosti,  svoj  specifican  jezik  i si. 

Izmedu  ostaloga,  primjena  matematike  u svakodnevici  je  jedna  od  zadaca  svih 
danasnjih  matematickih  kurikuluma.  Tako  i Nastavni  plan  i program  iz  2006. 
naglasava  matematiku  kao  predmet  primjenjiv  u svakodnevici: 

“Nastavni  program  naglasava  primjenu  matematike  na  koju  treba  gledati  i kao 
na  prakticni,  korisni  predmet  koji  ucenici  moraju  razumjeti  i mogu  znati  primijeniti 
na  razne  probleme  u svojem  okruzju.  (MZOS,  2006,  str.  238.) 

Takoder,  Nacionalni  okvimi  kurikulum  (2010.)  spominje  cilj  osposobljavanja 
ucenika  za  primjenu  matematike  u razlicitim  kontekstima. 

No,  buduci  da  matematicka  kultura  nema  svoje  geografsko  mjesto,  uloga 
ucitelja  i udzbenika  je  izuzetno  vazna  u povezivanju  matematickog  znanja  koje 
ucenik  donosi  od  kuce  i onog  koje  treba  nauciti.  To  se  posebice  odrazava  u 
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nastavi  geometrije  gdje  postoji  jak  imperativ  za  primjenom  u svakodnevici  s jedne 
strane,  i jaka  tradicija  poucavanja  apstraktnih  geometrijskih  sadrzaja  s druge  strane. 
Mozemo  reci  da  su  u tom  procesu  udzbenik  i ucitelj  izuzetno  vazni  faktori  koji  utjecu 
na  “uspjesnost  susreta”  svakodnevne  i matematicke  kulture.  Stoga  je  zanimljivo 
istraziti  na  koji  nacin  matematicki  udzbenici  pristupaju  temama  iz  svakodnevne 
matematike,  te  koja  je  pritom  uloga  nastavnika  matematike.  Sljedeca  dva  poglavlja 
ukljucuju  rezultate  i diskusiju  o ulozi  udzbenika  i ucitelja  u interkulturalnoj  nastavi 
geometrije. 

Udzbenik  u nastavi  geometrije 

Nastavni  plan  i program  (MZOS,  2006.,  str.  238.)  spominje  vaznost  poimanja 
prostornih  odnosa  i objekata  u nastavi  matematike,  vaznost  primjene  matematike 
u svakodnevici  te  koristenja  modernih  tehnologija  u nastavi.  Iste  ciljeve  naglasava 
i Nacionalni  okvirni  kurikulum  (2010.).  Stoga  je  zanimljivo  istraziti  koje  za- 
htjeve  pred  ucenike  stavljaju  zadaci  u matematickim  udzbenicima  u Hrvatskoj.^ 
Analizirani  su  svi  zadaci  i primjeri  iz  udzbenickih  kompleta  triju  najzastupljenijih 
udzbenika za6.  razred  u skolskoj  godini  2005. /06.,  triju  najzastupljenijih  udzbenika 
za  7.  razred  u 2006. /07.  godini,  te  triju  najzastupljenijih  udzbenika  za  8.  razred 
u skolskoj  godini  2007. /08.  Vise  od  80%  ukupne  ucenicke  populacije  u svakoj 
spomenutoj  generaciji  koristilo  je  jedan  od  tih  udzbenika^.  Svaki  zadatak  i primjer 
iz  udzbenika  analizirao  se  iz  vise  aspekata.  Prvi  cilj  je  bio  saznati  koje  kompetencije 
se  traze  od  ucenika  u odredenom  zadatku:  trazi  li  se  prikazivanje  (crtanje,  modeli- 
ranje),  trazi  li  se  racunanje  (ili  neko  drago  operiranje  po  danom  pravilu),  trazi  li  se 
interpretacija  dobivenog  matematickog  prikaza,  ili  pak  argumentiranje.  Takoder, 
zanima  nas  trazi  li  odredeni  zadatak  od  ucenika  direktnu  primjenu  nekog  pravila, 
formule  ili  defmicije;  ili  se  u zadatku  mozda  trazi  znanje  povezivanja  razlicitih  po- 
jmova  i aktivnosti;  ili  se  pak  trazi  refleksivno  znanje  koje  nije  direktno  vidljivo  iz 
nekog  pravila  i si.  Komptetncija  refleksije  obuhvaca  promisljanje  o matematickim 
odnosima  koji  nisu  direktno  vidljivi  iz  zadatka,  promisljanje  o matematickim  mod- 
elima,  interpretacijama,  argumentacijama  i dokazima  u odredenom  kontekstu.  Ova 
sistematizacija  o kompetencijama  preuzeta  je  iz  Austrijskih  obrazovnih  standarda 
koji  su  se  pokazali  kao  dobra  podloga  za  istrazivanje  (IDM,  2007.).  Analiza  je 
takoder  obuhvacala  vrstu  pitanja  iz  udzbenika,  tj.  radi  li  se  o pitanju  zatvorenog 
ili  otvorenog  tipa.  Interkulturalni  zahtjevi  analizirali  su  se  promatranjem  kon- 
teksta  zadatka:  radi  li  se  o cistom  simbolickom  (unutarmatematickom)  zadatku 
bez  konteksta,  o realisticnom  ili  autenticnom  kontekstu.  Realisticna  situacija  je 
u ovom  istrazivanju  defmirana  kao  situacija  koja  vjerno  imitira  stvarni  zivot,  dok 
je  autenticna  situacija  zaista  uzeta  iz  stvarnih  (autenticnih)  podataka.  Primjer 
zadatka  s realisticnom  situacijom:  “Ivan  ima  monitor  na  racunalu  s duljinama 
stranica  33  cm  i 24  cm.  Kolika  je  povrsina  njegovog  ekrana?”.  Primjer  zadatka 

* Analiza  je  provedena  u sklopu  doktorskog  istrazivanja  autorice  na  Institutu  za  didaktiku 
matematike  na  Aplen-Adria  Universitat-u  u Klagnefurtu. 

^ Udzbenicima  su  dodijeljeni  kodovi  A,  B i C,  a citatelji  zainteresirani  za  original  mogu  se 
obratiti  autorici. 
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s autenticnom  situacijom:  “Izmjeri  duljine  stranica  svog  monitora  ili  televizora. 
Izracunaj  povrsinu  ekrana.” 

Osnovnoskolska  nastava  geometrije  od  sestog  do  osmog  razreda  obuhvaca 
teme:  trokut,  cetverokut,  mnogokut,  kruznicu  i krug,  sukladnost,  slicnost,  izometrije, 
Pitagorin  poucak,  odnose  u prostoru  te  geometrijska  tijela  (MZOS,  2006.).  Ovdje 
ce  bid  prikazani  rezultati  istrazivanja  nekih  od  nabrojanih  tema. 

Rezultati  analize  udzbenika  o matematickim  zahtjevima  za  cjelinu  Trokut  u 
sestom  razredu  pokazuju  znacajnu  razliku  u broju  zadataka  i primjera  u analiziranim 
udzbenicima  (Tablica  1).  Naime,  broj  u zagradi  u prvom  retku  tablice  oznacava 
ukupan  broj  zadataka  i primjera  koji  se  stavljaju  pred  ucenika  unutar  odredene  cje- 
line,  a postoci  prikazuju  postotni  udio  odredene  aktivnosti  u ukupnom  broju.  Tako 
u cjelini  Trokut  u udzbenickom  kompletu  A6  ima  ukupno  568  zadataka  i primjera, 
zatim  njih  677  u B6,  te  837  zadataka  i primjera  u udzbeniku  C6  (Tablica  1). 

U prva  cetiri  retka  tablice  nalaze  se  aktivnosti  prikazivanja,  racunanja,  inter- 
pretiranja  i argumentiranja.  Obzirom  da  jedan  zadatak  moze  traziti  od  ucenika 
vise  od  jedne  aktivnosti  (npr.  i modeliranje  i racunanje),  napomenimo  da  zbroj 
po  aktivnostima  ne  mora  davati  ukupno  100%.  Rezultati  analize  pokazuju  da 
u cjelini  Trokut  dominiraju  aktivnosti  racunanja  i operiranja  u svim  istrazenim 
udzbenicima  (Tablica  1).  Racunanje  se  odnosi  na  racunanje  opsega  i povrsine 
trokuta,  dok  se  operiranje  uglavnom  odnosi  na  izvrsavanje  osnovnih  koraka  kon- 
strukcija  trokuta.  Zahtjevi  argumentiranja,  refleksije  i zadaci  otvorenog  tipa  nisu 
uopce  ili  nisu  znacajno  zastupljeni  niti  u jednom  analiziranom  udzbenickom  kom- 
pletu u cjelini  Trokut. 


Trokut 

A6  (568) 

B6  (677) 

C6  (837) 

Prikazivanje,  modeliranje 

38% 

30% 

46% 

Racunanje,  operiranje 

59% 

68% 

58% 

Interpretiranje 

29% 

41% 

37% 

Argumentiranje 

0% 

3% 

5% 

Direktna  primjena  pravila,  reprodukcijsko  znanje 

49% 

50% 

48% 

Znanje  povezivanja 

50% 

49% 

52% 

Refleksija 

1% 

1% 

0% 

Pitanja  zatvorenog  tipa 

98% 

97% 

96% 

Unutarmatematicki  kontekst 

98% 

97% 

99% 

Realistican  kontekst 

2% 

3% 

1% 

Autentican  kontekst 

0% 

0% 

0% 

Tablica  1.  Zahtjevi  u cjelini  Trokut  (6.  razred). 

Rezultati  takoder  pokazuju  da  u zadacima  istrazenih  udzbenika  dominiraju  un- 
utarmatematicki  zadaci,  tj.  zadaci  koji  nisu  stavljeni  u kontekst.  Slicni  rezultati  do- 
biveni  su  za  cjeline  Cetverokuti  i Mnogokuti.  Nedostatak  zadataka  koji  od  ucenika 
zahtijevaju  refleksiju  i argumentiranje  o odredenoj  matematickoj  temi  primjecuje 
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se  i u cjelini  Kruznica  i kmg  (Tablica  2),  kao  i dominacija  pitanja  zatvorenog 
tipa  s unutarmatematickim  kontekstom.  Uz  to,  primjecujemo  da  racunanje  i operi- 
ranje  dominiraju  nad  prikazivanjem  (crtanjem)  i interpretiranjem.  Ovaj  nalaz 
mozemo  povezati  s temama  Opseg  i Povrsina  kruga  u kojima  ipak  dominiraju  za- 
htjevi  racunanja  uz  primjenu  odgovarajucih  formula.  S ovim  rezultatom  mozemo 
povezati  i dominaciju  raprodukcijskih  zadataka,  osobito  u udzbenicima  A7  i C7 
(Tablica  2) . 


Kruznica  i krug 

A7  (753) 

B7  (306) 

C7  (381) 

Prikazivanje,  modeliranje 

25% 

27% 

26% 

Racunanje,  operiranje 

62% 

71% 

59% 

Interpretiranje 

22% 

10% 

28% 

Argumentiranje 

0% 

5% 

3% 

Direktna  primjena  pravila,  reprodukcijsko  znanje 

72% 

45% 

58% 

Znanje  povezivanja 

28% 

55% 

40% 

Refleksija 

0% 

0% 

2% 

Pitanja  zatvorenog  tipa 

100% 

94% 

93% 

Unutarmatematicki  kontekst 

96% 

92% 

79% 

Realistican  kontekst 

3% 

6% 

17% 

Autentican  kontekst 

1% 

2% 

4% 

Tablica  2.  Zahtjevi  u cjelini  Kruznica  i krug  (7.  razred). 

Jedno  od  vaznijih  geometrijskih  podrucja  koje  proizlazi  iz  svakodnevnih 
potreba  je  svakako  gradivo  Pitagorinog  poucka.  S druge  strane,  to  gradivo 
ucenike  usmjerava  i prema  matematici  kao  znanstvenoj  disciplini  zbog  dokazi- 
vanja  Pitagorinog  poucka,  pravila  za  Obrat  Pitagorinog  poucka  i slicno.  U Tablici 
3 prikazani  su  rezultati  udzbenickih  zahtjeva  u zadacima  iz  Pitagorinog  poucka. 
U sva  tri  analizirana  udzbenicka  kompleta  primjecujemo  dominaciju  racunskih  za- 
dataka. Ti  se  zadaci  odnose  na  primjenu  formule  za  Pitagorin  poucak.  Prikazivanje 
i interpretiranje  zastupljeno  je  u manjoj  mjeri,  dok  argumentiranje,  refleksija  i pi- 
tanja otvorenog  tipa  gotovo  uopce  nisu  zastupljeni  u toj  cjelini.  S duge  strane,  u 
sva  tri  istrazena  kompleta  dominiraju  zadaci  u kojima  se  trazi  znanje  povezivanja. 
Zanimljivo  je  primijetiti  da  naglasak  u udzbenicima  nije  stavljen  na  zadatke  s kon- 
tekstom, iako  se  tema  Pitagorinog  poucka  moze  lako  primijeniti  na  pravokutne 
trokute  iz  svakodnevice. 


Pitagorin  poucak 

A8  (797) 

B8  (474) 

C8  (723) 

Prikazivanje,  modeliranje 

8% 

8% 

7% 

Racunanje,  operiranje 

92% 

89% 

95% 

Interpretiranje 

13% 

13% 

13% 

Argumentiranje 

0% 

4% 

2% 

Direktna  primjena  pravila,  reprodukcijsko  znanje 

41% 

45% 

37% 

Znanje  povezivanja 

59% 

55% 

63% 
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Refleksija 

0% 

0% 

0% 

Pitanja  zatvorenog  tipa 

100% 

96% 

98% 

Unutarmatematicki  kontekst 

91% 

89% 

98% 

Realistican  kontekst 

9% 

8% 

2% 

Autentican  kontekst 

0% 

3% 

0% 

Tablica  3.  Zahtjevi  u cjelini  Pitagorin  poucak  (8.  razred). 

Osim  planimetry  skih  tema,  svakako  unutar  nastave  geometrije  treba  spomenuti 
i nastavu  stereometrije.  Na  pocetku  prvog  razreda  uce  se  raspoznavati  osnovna 
geometrijska  tijela,  zatim  se  u 3.  razredu  obraduje  mjerenje  obujma  tekucine  (s 
naglaskom  na  mjerenje),  pa  u cetvrtom  razredu  dolazi  gradivo  vezano  uz  osnovne 
elemente  kvadra  i kocke  (MZOS,  2006).  U visim  razredima  osnovne  skole  ge- 
ometrija  prostora  dolazi  tek  na  kraju  osmog  razreda  - prvo  se  ucenici  upoznaju  s 
pravcima,  tockama  i ravninama  u prostoru  i njihovim  medusobnim  odnosima,  a 
zatim  i geometrijskim  tijelima  te  formulama  za  njihovo  oplosje  i obujam. 

U Tablici  4 prikazani  su  udzbenicki  zahtjevi  iz  cjeline  Geometrijska  tijela  u 
osmom  razredu.  Rezultati  pokazuju  dominaciju  aktivnosti  racunanja  u pitanjima 
zatvorenog  tipa  i bez  konteksta.  Oko  trecine  zadataka  u svakom  kompletu  od 
ucenika  je  trazilo  i aktivnosti  interpretiranja.  Interpretiranje  se  uglavnom  odnosi  u 
ovom  slucaju  na  tumacenje  skice  ili  crteza  sa  ciljem  rjesavanje  zadatke.  Primjerice, 
to  moze  znaciti  trazenje  relevantnog  pravokutnog  trokuta  na  skici  piramide  kako 
bi  se  mogla  pronaci  nepoznata  velicina  potrebna  za  daljnja  racunanja.  Zato  je  u 
zadacima  s geometrijskim  tijelima  prisutan  prilicno  velik  postotak  zadataka  koji 
traze  znanje  povezivanja.  Mozemo  reci  da  su  zadaci  s racunanjem  oplosja  i obujma 
raznih  pravilnih  tijela  vrlo  pogodni  za  sastavljanje  zadataka  s kontekstom,  bilo  onih 
realisticnih  ili  pak  autenticnih.  No,  ipak  takvi  zadaci  nisu  zastupljeni  u velikom 
postotku  u nasim  udzbenicima  matematike. 


Geometrijska  tijela 

A8  (1048) 

B8  (913) 

C8  (726) 

Prikazivanje,  modeliranje 

4% 

4% 

3% 

Racunanje,  operiranje 

86% 

84% 

92% 

Interpretiranje 

32% 

30% 

33% 

Argumentiranje 

0% 

0% 

1% 

Direktna  primjena  pravila,  reprodukcijsko  znanje 

59% 

59% 

34% 

Znanje  povezivanja 

41% 

39% 

65% 

Refleksija 

0% 

2% 

1% 

Pitanja  zatvorenog  tipa 

100% 

96% 

97% 

Unutarmatematicki  kontekst 

89% 

75% 

94% 

Realistican  kontekst 

8% 

19% 

5% 

Autentican  kontekst 

3% 

6% 

1% 

Tablica  4.  Zahtjevi  u cjelini  Geometrijska  tijela  (8.  razred). 
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Problem  da  se  geometrijska  tijela  u razrednoj  nastavi  rade  na  nivou  prepoz- 
navanja,  a zatim  tek  na  kraju  osmog  razreda  s jakim  naglaskom  na  racunanje, 
moze  utjecati  na  razvijanje  kompetencije  prostornog  zora  kod  ucenicke  populacije 
u Hrvatskoj.  Primjerice,  Cizmesija  i Milin  Sipus  (2009)  prikazuju  problem  s usva- 
janjem  prostornog  zora  na  populaciji  studenata  nastavnickih  smjerova  matematike. 

Dobiveni  rezultati  sugeriraju  da  gradivom  geometrije  dominira  racunanje  u cis- 
tom  matematickom  okruzenju  bez  konteksta.  Takoder,  rezultati  pokazuju  manjak 
geometrijskih  zadataka  u kojima  se  od  ucenika  traze  sposobnosti  argumentiranja. 
Mnogi  postojeci  zadaci  mogli  bi  se  dopuniti  dodatnim  zadatkom  otvorenog  tipa 
poput  “Objasni”  i si.  No,  kompetencije  refleksije,  zadataka  otvorenog  tipa  i ar- 
gumentiranja o matematickim  temama  i nisu  propisane  zadacama  i ciljevima  u 
tekucem  Nastavnom  planu  i programu,  vec  su  u planu  naglaseni  zahtjevi  racunanja 
i operiranja  (MZOS,  2006).  Analiza  pokazuje  da  udzbenici  prate  ove  zahtjeve 
Nastavnog  plana  i programa. 

S druge  strane,  Nastavni  plan  i program  naglasava  primjenu  geometrijskih 
sadrzaja  u svakodnevici,  dok  istrazivanje  pokazuje  da  je  vecina  geometrijskih 
zadataka  u udzbenicima  unutarmatematickog  karaktera  i bez  konteksta.  Dakle, 
uocavamo  nesklad  izmedu  kurikulumskih  zadaca  i udzbenickih  sadrzaja  u pogledu 
povezivanja  gradiva  s geometrijskim  problemima  iz  realnosti. 


Ucitelj  u nastavi  geometrije 

Tradicionalni  pristup  u Nastavnom  planu  i u udzbenicima  odrazava  se  na 
stavove  i aktivnosti  ucitelja  u nastavi.  U istrazivanju  od  Glasnovic  Gracin  i Do- 
movic  (2009.)  ispitani  ucitelji  matematike  su  pokazali  da  sadrzaji  iz  udzbenika 
direktno  utjecu  na  njihovu  nastavnu  praksu.  Pritom  ucitelj  ima  vaznu  ulogu 
kao  posrednik  izmedu  udzbenika  i ucenika.  U istrazivanju  od  Baranovic  i 
Stibric  (2009.)  pokazano  je  da  ispitani  osnovnoskolski  i srednjoskolski  nastavnici 
u Hrvatskoj  u svojoj  nastavi  naglasak  stavljaju  na  rjesavanje  zadataka,  “a  manje 
razvijaju  potrebu  matematike  u svakodnevnom  zivotu  i razvoj  kritickog  promisljanja 
o matematickim  konceptima  i postupcima”  (ibid,  str.  202.).  Ovaj  nalaz  se  podudara 
s deficitom  interkulturalnih  i refleksivnih  zahtjeva  u udzbenicima. 

Zakljucujemo  da  postupci  ucitelja  ovise  o kurikulumskim  i udzbenickim  zaht- 
jevima,  ali  uvijek  treba  imati  na  umu  i snazan  utjecaj  osobnih  stavova  i misljenja 
ucitelja  (Leder,  2002.).  Vazno  je  prvo  istraziti  kakav  stav  nastavnici  matematike 
imaju  prema  matematici  samoj,  jer  se  misljenje  nastavnika  prema  matematici  kao 
znanosti  reflektira  i u njihovoj  nastavnoj  praksi  (Cross,  2009.).  Ako  nastavnik  ima 
stav  da  je  matematika  prvenstveno  skup  procedura,  racunanja  i operacija,  i njegova 
nastavna  praksa  ce  slijediti  ta  uvjerenja.  Takoder  treba  imati  na  umu  da  se  steceni 
stavovi  sporo  mijenjaju.  Reforme  za  promjenom  nastave  nece  uroditi  plodom  ako 
se  ne  pokusa  utjecati  na  promjenu  tih  stavova.  To  je  dug  proces  s kojim  bi  svakako 
trebalo  zapoceti  na  sveucilisnim  studijima. 

Konkretno,  u nastavi  geometrije  ucitelj  bi  pridonio  interkulturalnosti  i reflek- 
sivnom  znanju  aktivnostima  poput  primjene  autenticnih  zadataka  i projekata,  te 
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poticanjem  obrazlaganja  i argumentiranja  o geometry  skim  konceptima.  Takoder, 
potencijali  racunala,  posebice  softvera  dinamicne  geometrije,  bi  se  na  ovom  mjestu 
mogli  iskoristiti  u istrazivackoj  nastavi  za  cjelovito  shvacanje  geometrijskih  ideja 
(Schneider,  2002.).  Uz  to,  ucitelj  koji  poznaje  svoj  razred  najbolje  moze  procijeniti 
i pridonijeti  uspjesnosti  diferencirane  nastave  u kojoj  se  opet  mogu  ogledati  kako 
interkulturalnost  tako  i naglasak  na  ideji  umjesto  rutini  i slicno. 


Zakijucak 

Uvid  u nastavni  plan  i program  (2006.)  pokazuje  da  u geometriji  domini- 
raju  zahtjevi  racunanja  i operiranja,  sto  se  podudara  sa  zahtjevima  iz  istrazenih 
matematickih  udzbenika  u sestom,  sedmom  i osmom  razredu.  Ovi  nalazi  se  takoder 
podudaraju  s rezultatima  ankete  o tradicionalnim  karakteristikama  matematicke 
nastavne  prakse  (Baranovic  i Stibric,  2009.).  S druge  strane,  Nastavni  plan  i pro- 
gram jasno  naglasava  primjenu  matematike  u svakodnevici,  ali  analiza  udzbenika 
pokazuje  da  zadaci  s kontekstom  ipak  nisu  znacajno  zastupljeni  u geometrijskim 
poglavljima  udzbenika.  Stoga  mozemo  zakljuciti  da  postoji  nepodudarnost  izmedu 
kurikulumskih  i udzbenickih  zahtjeva  na  interkulturalnom  nivou. 

Dobiveni  nalazi  sugeriraju  bolje  povezivanje  svakodnevnog  okruzenja  s ap- 
straktnim  geometrijskim  sadrzajima,  poticanje  argumentiranja  i objasnjavanja,  re- 
fleksivnog  znanja  te  razumijevanja  geometrijskih  koncepata  u cijeloj  obrazovnoj 
vertikali.  U tom  pogledu  novi  Okvirni  kurikulum  (MZOS,  2010.)  donosi  pomake  u 
odnosu  na  postojeci  Nastavni  plan  i program  (MZOS,  2006.).  Osim kurikulumskog 
nivoa,  interkulturalnu  i refleksivnu  dimenziju  treba  poticati  i na  nivou  sveucilisnih 
programa  za  buduce  nastavnike  matematike,  u nastavnoj  praksi,  kao  i u podrucju 
razvoja  udzbenika. 
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Sazetak.  U radu  se  stavlja  u fokus  uticaj  matematike  na  izgradnju 
dobro  obrazovane  i pozeljne  licnost.  Provedeno  je  istrazivanje  koje  je 
pokazalo  kako  studenti  gledaju  na  te  karakteristike,  nakon  zavrsetka 
opceg  obrazovanja.  Nakon  sagledavanja  svih  aspekata  nastave  matem- 
atike na  formiranje  dobro  pozeljnih  karakteristika  licnosti,  u rezultatima 
je  konstatovano  da  je  nastava  matematike  “kao”  stvorena  za  glavnog 
aktera  u formiranju  doro  obrazovane  licnosti.  Kao  i kod  promjena,  i 
ovdje  nema  recepata,  imaju  samo  dobra  iskustva  nastavnika  od  kojih 
zavisi,  u kojoj  ce  mjeri  nastava  matematike  ostaviti  traga  na  formiranje 
mlade  pozeljne  licnosti  za  21.  stoljece.  Na  kraju  su  navedene  pre- 
pomke  nastavnicima  kako  da  nastavu  matematike  ucine  interesantniju 
i ucinkovitiju  u misiji  izgradnje  karakteristika  pozeljne  mlade  osobe. 

Kljucne  rijeci:  dobro  obrazovana  mlada  osoba,  metodika  nastave 
matematike,  pozeljan  nastavnik  matematike 


Uvod 

U vrijeme  velikih  kurikularnih  promjena,  ne  samo  u Bosni  i Hercegovini,  nego 
i u svijetu,  kada  se  pisu  novi  standard!  i mijenjaju  programi  stari  desetljecima,  treba 
dobro  razmisliti  kakva  bi  trebalo  bid  nastava  matematike  u danasnjem  vremenu. 
Svjetska  istrazivanja  i studije  iz  podrucja  metodike  nastave  matematike  donose 
vazne  zakljucke  o tom  pitanju.  Ti  zakljucci  utiecu  na  promjene  kurikuluma  u 
zemljama  u kojima  ti  strucnjaci  djeluju.  U tom  smislu  su  se  zemlje  Evropske  unije 
usaglasile  o tome  kakvu  oni  osobu  zamisljaju  kao  obrazovanu  i pozeljnu  za  21. 
stoljece.  Usaglaseno  je  da  su  slijedece  osobine  ill  ishodi  koje  se  prizeljkuju  nakon 
zavrsetka  opceg  obrazovanja.  Po  njima  je  dobro  obrazovana  mlada  osoba: 

• nezavisan  ucenik  i donositelj  odluka, 

• ima  dobre  odnose  sa  vrsnjacima  i odraslim, 

• pismen  i uspjesan  u komunikaciji, 

• prilagodljiv. 
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• avanturista  i voljan  isprobavati  nove  stvari, 

• kooperira  kao  dio  tima, 

• ima  osjecaj  za  odgovornost  i disciplinu, 

• moralno  i duhovno  osvijesten, 

• u mogucnosti  je  da  funkcionise  kao  dio  tima, 

• pripremljen  na  izazove  koje  mu  drustvo  nudi, 

• Tolerantan  je  i prevazilazi  stereotipe, 

• ima  osjecaj  blagostanja  i moze  voditi  siguran  i ispunjujuci  zivot, 

• preduzimljiv  je  ucenik,  koji  je  u mogucnosti  da  preuzme  kontrolu  i odgov- 
ornost za  aspekte  sopstvenog  ucenja. 

Ovi  zahtjevi,  bolje  reci  zelje,  su  potaknute  promjenama  u drustvu  u kojem 
zivimo  u kome  se  mora  mijenjati  i sistem  obrazovanja,  gdje  nije  postedena  ni  nas- 
tava  matematike.  Ona  je  dugo  smatrana  za  kraljicu  medu  naukama.  Medutim,  to 
ne  znaci  da  nije  podlozna  promjenama  koje  zadiru  u koncepte,  pristupe,  narocito 
one  metodicke.  Dugo  se  “metodika  nastave  matematike  u mnogim  zemljama  i 
matematickim  krugovima  joS  ne  prihvata  kao  znanstvena  disciplina,  ne  ulaze  se  u 
istrazivanja  iz  ovog  vaznog  podrucja,  ne  postoje  svugdje  postdiplomski  znanstveni 
studiji  iz  metodike  nastave  matematike  koji  hi  bili  rasadnici  novih  strucnjaka  i 
garancija  zauzimanja  za  primjerenu  satnicu  i kvalitetne  planove  u cijeloj  obra- 
zovnoj  vertikair  (Glasanovic  Gracin,  2010).  Tu  se  stvari  moraju  mijenjati,  jer 
novi  trendovi  kazuju  da  nastava  matemtaike  opisuje  kao  nastava  orijentirana  prema 
ucenicima  sto  znaci  da  se  dosadasnja  dominantna  uloga  nastavnika  stavlja  u drugi 
plan,  a povecava  se  ucenikova  aktivnost  u nastavi  matematike,  kroz  razne  ob- 
like  rada,  ucenje  u parovima,  grupnom  radu,  radu  na  projektima,  ucenjem  kroz 
istrazivanje  i td.  Time  nastavnik  nije  vise  u poziciji  glavnog  aktera  prenosnika 
znanja,  vec  postaje  koordinator  i organizator  nastavnog  procesa  ili,  kako  kaze  De- 
lors  on  proces  “vodi,  a ne  oblikuje  ga”  (Delors, 1998:162).  Mora  se  shvatiti  da  je 
obrazovna  usluga  najsuptilnija  i najvaznija  u svijetu  usluga.  Potrebno  je  raskrstiti  sa 
stereotipima  o odnosima  izmedu  nastavnika  i ucenika.  Kotler  (1991)  kaze  da,  “mi 
[nastavnici]  kupcu  [uceniku]  ne  pruzamo  zadovoljstvo  time  sto  ga  usluzujemo,  nego 
on  nama  cini  zadovoljstvo  sto  nam  daje  priliku  da  ga  usluzimo”  (Kotler  1991:23). 
Prosvjetarima  treba  biti  jasna  njihova  misija,  koja  se  ne  mijenja  stoljecima,  a to  je: 
odgajati,  obrazovati  i jacati  ucenike-buduce  nosioce  drustvenog  razvoja. 

U ovom  radu  je  dat  osvrt  na  gornje  zahtjeve  koji  krase  dobro  obrazovanu 
osobu,  te  ulogu  i mogucnosti  matematike  u njihovom  dostizanju.  Istovremeno, 
prikazano  je  istrazivanje  medu  studentima  1 godine  fakulteta  Univerziteta  u Tuzli,  o 
njihovom  stepenu  zadovoljstva  o dostizanju,  gore  navedenih,  ishoda  pri  zavrsetku 
srednjeskolskog  obrazovanja.  Na  osnovu  vlastitih  saznanja  i iskustava  ispitanika, 
te  razmatranja  raznih  teoreticara,  izvedene  su  preporuke  sa  smjernicama  za  nas- 
tavnike,  koje  govore  o poboljsanju  uloge  nastave  matematike  u formiranju  pozeljne 
osobe  za  21.  stoljece. 
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Paradigma  i metodologija  istrazivanja 

Cilj  istrazivanja  u ovom  radu  je  identifikovati  postojece  stanje  u ucinkovitosti 
opceg  obrazovanja  u dostizanju  opcih  pozeljnih  obrazovnih  ciljeva,  defmisanih  u 
zemljamam  EU,  te  dovesti  ih  u vezu  sa  primjenom  razlicitih  metoda  i oblika  rada 
u nastavi  matematike. 

Zadatak  istrazivanja  u ovom  radu  je:  utvrditi  kako  su  studenti  zadovoljni  svo- 
jim  opcim  obrazovanjem  sa  aspekta  prihvatanja  osobina  dobro  obrazovane  licnosti, 
te  na  osnovu  tih  istrazivanhja  i teoretiskih  razmatranja  raznih  autora  uvidjeti  kakve 
su  mogucnosti  nastave  matematike  u dotizanju  tih  ciljeva  - kreiranja  pozeljnih 
karakteristika  dobro  obrazovane  osobe. 

Shodno  tome,  postavlja  se  slijedeca  hipoteza;  “Nakon  zavrsetka  opceg  obra- 
zovanja postizu  se,  u dovoljnoj  mjeri,  dobri  rezultati  u formiranju  kompetencja 
pozeljne  licnosti”. 

Nastava  matematike  bi  trebala  u ovom  postupku  dati  svoj  veliki  doprinos. 
Nadalje  ce  se  na  osnovu  teoretskih  i prakticnih  iskustava,  istrazivaca  i studenata, 
dati  preporuke  za  ucinkovitiju  ulogu  nastave  matematike  u kreiranju  kompetencija 
dobro  obrazovane  licnosti  u srednjeskolskom  obrazovanju. 

Potrebno  je  bilo  odrediti  “uzorak  studenata,  koji  ce  garantirati,  na  osnovu  svo- 
jih  stajalista,  egzistenciju  istih  stajalista  i misljenja  svih  ucenika  poslije  zavrsetka 
srednje  skole,  “kao  osnovnog  skupa  ili  populacije.”  (Muzic,  1979:534) 

Uzorak  ucesnika  u ovom  istrazivanju  je  bio  namjerni  (purposeful  sample),  jer 
su  uzeti  studenti  prve  godine  nastavnickih  fakulteta,  njih  292,  koji  imaju  istancaniji 
odnos  prema  nastavi  i njenim  ciljevima.  Dakle,  izabran  je  takav  uzorak  od  koga  se 
ocekuje  da  ce  se  “moci  najvise  saznati”,  odnosno  dobiti  najvise  korisnih  informacija 
(Merriam,  1998:61). 

U ovom  istrazivanju  je  koristena  anketa  (engl.  survey)  koju  Muzic  (1999:82) 
poistovjecuje  sa  “postupkom  istovremenog  i pismenog  prikupljanja  podataka  od 
veceg  broja  ljudi  (ispitanika)  o necemu  sto  oni  znaju,  osjecaju  ili  misle”.  Imajuci  u 
vidu  da  je  nefunkcionalno  i veoma  skupo  dobiti  odgovore  cijelog  osnovnog  skupa 
(svih  studenata  brucosa),  odluceno  je  da  se  provede  anketno  istrazivanje,  kako  bi  se 
dobili  odgovori  na  postavljena  pitanja  izabranog  uzorka,  kao  podskupa  osnovnog 
skupa  “kako  bi  mogli  odrediti  odredenu  distribuciju  ponasanja,  misljenja  i stavova 
u osnovnom  skupu”  (Ristic,  Z.  2006:350). 

Anketiranje  je  obavljeno  sa  anketnim  upitnicima  sa  11  pitanja  sa  Likertovom 
skalom  i jednim  otvorenim  pitanjem,  bolje  reci  mogucnosti,  da  studenti  kazu  sto 
god  zele,  vezano  za  tretiranu  problematiku.  Dakle,  upitnik  pokriva  1 1 “zelja”  sa 
spiska  zahtjeva  za  “dobro  obrazovanu  osobu”. 

Ogranicenja  u istrazivanju  su  povezana  sa  generalizacijom  ili  poopstavan- 
jem.  Uzorak  u provedenom  istrazivanju  je  izabran  spontano.  Kao  takav  ne  moze  se 
garantirati  da  je  moguce  poopstavanje  na  siru  populaciju,  odnosno  naprostor  Bosne 
i Hercegovine.  To  nije  ni  bila  namjera  istrazivaca,  jer  su  prostori  BiH  razlicitim 
intenzitetom  tretirani  kako  u provodenju  reform!  u obrazovanju,  od  segmenata 
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kurikuluma,  tako  i do  osiguranja  kvaliteta  i profesionalnog  i strucnog  razvoja  i 
jacanja,  kako  nastavnika,  tako  i skolskih  menadzment  timova. 


Rezultati  istrazivanja 

Prikupljanje  podataka  je  izvrseno  pomocu  upitnika.  Rezultati  za  svako  pitanje 
iz  upitnika  su  predstavljeni  graficki,  gdje  su  koristeni  alati  iz  Windows  okruzenja. 
Na  osnovu  toga  i odgovora  na  otvoreno  12.  pitanje,  te  na  osnovu  iskustava  ra- 
zlicitih  autora,  na  kraju  su  dati  prijedlozi  za  poboljsanje  uloge  nastave  matematike 
u kreiranju  kompetencija  licnosti,  koja  je,  po  misljenju  strucnjaka  iz  zemalja  EU, 
“dobro  obrazovana  licnost”  . 

Matematika  i nezavisan  ucenik  - donositelj  odluka 

Istrazivanje  je  pokazalo  da  studenti  1.  godine  fakulteta,  jucerasnji  sred- 
njoskolci,  njih  cak  75%,  smatraju  da  su  nakon  zavrsetka  skolovanja,  postigli  to  da 
su  postali  nezavisni  i sposobni  ili  veoma  sposobni  samostalno  donijeti  odluku.  Njih 
25%  smatra  da  tu  kompetenciju  nisu  dovoljno  ili  skoro  nikako  usvojili.  Oni  sma- 
traju da  se  “ipak,  i poslije  srednje  skole,  ne  mogu  donositi  neke  odluke  samostalno, 
treba  nam  savjet  od  starijeg”  (iz  upitnika),  jer  “nakon  zavrsene  srednje  skole  niko 
nije  toliko  sposoban  da  otpocne  samostalno,  da  zivi  i preuzme  brigu  i odgovomost 
za  sebe.  Neizbjezna  je  pomoc  roditelja  u svim  segmentima,  iako  smo  dosta  ozbiljniji 
i pouzdaniji.”  (iz  upitnika) 
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odluka 


200 

100 

0 


94 

125 

62 

n , ^ 

Veoma  tacno  nedovoijno  nikako 
dobro 


2.  Imam  dobre  odnose  sa 
vrsnjacima  i odraslim 


Grafikoni  1.  Odgovori  na  1.  i 2.  pitanje. 

Rjesavanje  zadataka  iz  razlicitih  oblasti  matematike  su  pune  mogucnosti 
samostalnog  rada  i donosenja  odluka.  Tradicionalna  nastava  matematike  se 
uglavnomoslanja(la)  na  nastavnika,  kao  predavaca,  teucenike,  koji  potom  samostalno 
rjesavaju  zadatke.  Drugim  rijecima,  ucenik  je  imao  pasivnu  ulogu  prilikom  sticanja 
novog  znanja.  Jacanje  ucenika  u samostalnom  radu  i istrazivanju,  rjesavanju  prob- 
lema,  izboru  metoda  ucenja  i prezentacije  dostignuca,  dovodi  do  stvaranja  kod 
ucenika  osjecaja  sigurnosti  i sposobnosti  samostalnog,  nezavisnog  i argumento- 
vanog  iznosenja  stavova,  sto  je  u konacnici  potrebno  za  donosenje  pravih  zivotnih 
i provodivih  odluka,  prihvatljivih  od  svih  onih  kojih  se  ona  tice. 


Matematika  u ulozi  izgradnje  dobro  obrazovane  licnosti 


551 


Matematika  i meduvrsnjacki  odnosi  i spremnost  za  timski  rad 

Tradicionalna  nastava  matematike  je  uglavnom  bila  bazirana  na  ovodu  i 
glavnom  dijelu,  gdje  nastavnik  dominira,  uz  saradnju  jednih  te  istih  ucenika,  koji 
dopunjavaju  prazan prostor,  te  zavrsni  dio  casa koji  se  sastoji  od  kratkog  ponavljanja 
predenog  gradiva,  te  zadavanja  domace  zadace  i upucivanje  na  literaturu.  Jednos- 
tavno,  grupni  rad  se  upotrebljavao  samo  u prilikama  ogledmo-uglednih  casova  ili 
posjeta  nastavnim  satima  od  strane  direktora  ili  savjetnika  iz  pedagoskih  zavoda. 
Neke  studije  su  pokazale  da  je  puno  ucinkovitije  ucenje  vrsnjaka  od  vrsnjaka,  putem 
grupnog  rada.  Svakako  osim  individualnog  grupnog  rada,  te  rada  u parovima  i 
frontalni  pristup  ima  svoje  mjesto  u nastavi,  zavisno  od  prirode  materije  i poseb- 
nih  ciljeva  nastavnih  jedinica.  No,  ako  individualni  razvoj  ima  uticaj  na  razvoj 
nezavisnosti  ucenika,  te  osjecaja  za  pravilno  i racionalno,  ali  i rutinsko  odlucivanje 
(Agio  i ost.,  2006),  onda  je  grupni  rad  “odgovoran”  za  razvoj  osjecaja  za  timski  rad, 
ali  ne  svakakav,  nego  ucinkoviti  timski  rad,  te  za  uspjesnu  komunikaciju  i dobre 
odnose,  kako  sa  vrsnjacima,  tako  i sa  odraslima.  Grupni  rad  je  narocito  znacajan  za 
utvrdivanje  gradiva  (homogene  grupe) , ali  i za  casove  obrade  (heterogene  grupe) . 
Kao  sto  vrijedi  da  je  svaki  specijalista  Ijekar,  a da  svaki  Ijekar  nije  specijalista, 
tako  vrijedi  i za  grupe  i timove.  Svaki  tim  je  grupa,  ali  svaka  grupa  nije  tim  (Bel- 
bin,  1996).  Cestom  upotrebom  grupnog  rada,  sa  jasnim  ciljem,  vjestim  poticajem 
od  strane  nastavnika,  zasigurno  dovodi  do  razvoj  a,  gore  navedenih,  kompetencija, 
korisnih  za  zivot.  Konzumiranje  grupnog  rada  nije  efektno,  ako  se  nema  za  cilj 
prelaska  u timski  rad,  koji  prema  (Belbinu,  1996)  kartakterise:  mala  brojnost 
grupe,  zajednicki  pristupaju  zadatku,  komplementarna  znanja  i vjestine,  predanost 
zajednickoj  svrsi,  konkretni  radni  ciljevi,  zajednicka  odgovornost,  entuzijazam, 
zajednicko  geslo  i identitet,  zajednicki  prozivljeni  dogadaji  i uzajamna  naklonost 
clanova.  Engleski  znanstvenik  Belbin  (1996)  dokazao  je  da  su  timovi  sastavl- 
jeni  od  najboljih  strucnjaka  u nekoj  struci  daleko  manje  uspjesni  nego  timovi 
sastavljeni  od  vrlo  razlicitih  clanova.  O tome  se  mora  voditi  racuna  kada  se 
formiraju  grupe,  nikako  dijeliti  ucenike  po  gmpama,  po  principu  dvije  klupe  jedna 
grupa,  nego  na  osnovu  kriterija  da  grupa  sadrzi  razlicite  tipove  ucenika  sa  aspekta 
njihovog  poimanja  ucenja  i nivoa  njihovih  mogucnosti. 


6.  Kooperiram  kao  dio  tima 
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Grafikoni  2.  Odgovori  na  6.  i 9.  pitanje. 


Istrazivanje  je  pokazalo  visok  stepen  slaganja  ispitanika  sa  tvrdnjom  da  je 
“osnovno  i srednje  orazovanje  pomoglo  ucenicima  da  “izgrade  dobre  odnose  sa 
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vrsnjacima  i odraslim”.  Njih,  cak  80%  ima  visoko  i veoma  visoko  slaganje  sa 
tom  tvrdnjom.  Ipak  svaki  5-ti  ucenik  ne  misli  tako.  Iz  upitnika  se  mogao  uociti 
stav:  “Kada  sam  ja  u pitanju  sa  odgovornoscu  mogu  da  kazem  da  sam,  nakon 
zavrsetka  srednje  skole,  postala  nezavisan  donositelj  odluka  i da  sam  razvila  svoje 
odnose  kako  s vrsnjacima  tako  i sa  ljudima  svih  starosnih  dobi  i uspjela  sam  da 
funkcioniram”  (iz  upitnika).  Podatak  da  je  preko  79%  ispitanika  u mogucnosti  da 
funkciuonise  kao  ucinkovit  clan  tima,  moze  zavarati,  jer  je  pitanje  da  li  studenti, 
uopce,  poznaju  teoriju  o timovima  i timskom  radu,  jer  u formalnom  obrazovanju 
to  nije  na  programu.  Taj  podatak  upucuje  na  potrebu  uvodenja  u nastavni  program 
(bar)  nastavnih  fakulteta  sadrzaje  iz  obrazovnog  menadzmenta,  tacnije  oblastu  Hu- 
man Resource  Managemnt,  gdje  spada  i timski  rad,  potrebno  je  vise  paznje  posvetiti 
grupnom  i timskom  radu.  Tu,  svakako,  treba  dati  poodrsku  nastavnicima  o upotrebi 
i znacaju  timova,  kako  bi  mogli  motivisati  isto  medu  svojim  ucesnicima  prilikom 
realizacije  redovnog  kurikuluma.  Van  nastavne  aktivnosti  i rad  sekcija,  svakako 
pmzaju  vise  mogucnosti  za  organizaciju  timskog  rada.  Ne  snije  se  zaboraviti,  sa 
timovima  treba  poceti  od  najnizeg  nivoa  obrazovanja. 

Matematika  i pismenost  te  uspjesna  komunikacija 

Uz  uspjesnu  komunikaciju  i donosenje  dobrih  racionalnih  odluka,  ruku  pod 
ruku,  ide  pismenost,  koja  se  u matematici  itekako  moze  afirmisati.  Treba  raskrstiti 
sa  stereotipnim  misljenjima  i starim  defmicijama  matematicke  pismenosti,  koja 
polazi  od  sintakse  i fonetike,  a ne  od  matematicke  retorike  i razmisljanja,  argumen- 
tovanog  iznosenja  stavova,  diskusiji  o raznim  mogucnostima,  ali  ne,  kako  to  mi 
radimo,  pa  i u nizim  razredima  osnovne  skole,  da  diskutujemo  rjesenja  jednacina  ili 
nejednacina,  nego  razmatranje  po  sistemu  “sta  bi  bilo  kad  bi  bilo”  i td.  Istrazivanje 
je  pokazalo  da  su  studenti,  u velikoj  mjeri,  zadovoljni  sa  stecenom  pismenosti  u 
srednjkoj  skoli.  Njih  vise  od  75%  smatra  da  su  zadovoljni  ili  veoma  zadovoljni 
sa  tom  stecenom  vjestinom.  No,  ne  moze  se  zanemariti  cinjenica  da  je  ostatak 
od  25%  nije  dovoljno  (19%)  ili  nikako  (6%)  zadovoljno  sa  stecenom  pismenosti 
nakon  zavrsetkla  srednjeskolskog  obrazovanja.  Komunikacija  i pismenost  su  u 
veoma  uskoj  vezi. 
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Grafikoni  3.  Odgovori  na  3.  i 4.  pitanje. 


Jedan  od  ispitanika  kaze:  “Ja  sam  uspjesna  u komunikaciji,  ali  mislim  da 
nisam  dovoljno  pismena”  (iz  anketnih  upitnika).  Kada  je  u pitanju  matematicka 
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pismenost,  jasno  je  da  ona  prevazilazi  znacenje  jezicke  pismenosti  i da  ona  ide 
dublje  u razumijevanje  problematike  koja  je  podloga  za  efektivnije  promislajnje, 
zakljucivanje  i u konacnici  odlucivanje.  OECD  opisuje  matematicku  pismenost 
kao  “sposobnost  pojedinca  da  prepozna  i razumije  ulogu  koju  matematika  ima  u 
svijetu,  da  donosi  dobro  utemeljene  odluke  i da  primjenjuje  matematiku  na  nacine 
koji  odgovaraju  potrebama  zivota  tog  pojedinca  kao  konstruktivnog,  zainteresir- 
anog  i promisljajuceg  gradanina”  (Bras  Roth  i dr.,  2008:124).  Interesantan  je 
podatak  dobiven  u istrazivanju,  a koji  se  tice  prilagodljivosti.  Velika  vecina  stude- 
nata  misli  da  su  nakon  zavrsetka  srednjeskolskog  obrazovanja,  stekli  u velikoj  ili 
dovoljno  velikoj  mjeri,  vjestinu  prilagodljivosti.  Njih,  cak  25%  misli  da  su  veoma 
prilagodljivi,  dok  je  skoro  47%  studenata  zadovoljno  sa  tom  stecenom  vjestinom. 
Pitanje  je  kakva  je  tu  bila  uloga  matematike.  Svakako,  ne  zanemarljiva.  Opet  se 
vracamo  na  ulogu  nastavnika,  koji  dosljedno  primjenjuje  principe  primjerenosti, 
gdje  se  zna prilagoditi  ne  samo  nivoima  razvoja  ucenika,  nego  i njihovom  trenutnom 
psihickom  stanju  i specificnim  zahtjevima. 

Matematika  i spremnost  na  avanturizam  i isprobavanje  novih  stvari 

Nastava  matematike  je  kao  stvorena  da  kod  dijeta  razvije  osjecaja  za  avantur- 
izam i zelju  za  isprobavanje  novih  stvari.  Podobna  metoda  u ovom  slucaju  je  ucenje 
otkrivanjem,  koje  se  odnosi  na  mogucnost  da  “ucenici  samostalno,  kroz  eksperi- 
mentiranje,  dodu  do  novih  spoznaja,  ideja  i rjesenja  problema”  (Glasanovic  Gracin, 
2010).  Treba  biti  jasno  da  se  u relizaciji  nastave  po  heuristickim  metodama  zapos- 
tavlja  naucnost  i klasicna  usmjerenost  na  defmicije  i dokaze,  ali  to  ne  znaci  da  ta 
nastava  nije  sistematski  organizirana  i da  nije  od  koristi.  Naprotiv,  nastavnik  treba 
dobro  organizirati  takav  sat,  poznavajuci  prikladne  metode  i mogucnosti,  kako 
sopstvenih,  tako  i mogucnosti  ucenika.  (npr.  u upotrebi  racunara) . 

Dakle,  istrazivacka  metoda  i njena  primjerena  upotreba  moze  kod  ucenika 
izazvati  osjecaj  za  put  u nepoznato,  po  sistemu  “sta  hi  bilo  kad  hi  bilo”.  To  je 
uslov  da  se  kod  mladog  covijeka  stvore  pretpostavke  za  spremnost  za  avanturizam, 
odnosno  snalazenje  sa  iznenadnim  i nepoznatim.  Istrazivajne  je  pokazalo  da  su 
studenti,  nakon  zavrsetka  skole,  poprilicno  spremni  na  isprobnavanje  novih  stvari 
(njih  prekio  73%)  i na  nove  izazove  (76%),  sto  se  vidi  sa  grafikona  4.  “Zadovoljna 
sam  postignutim  uspjehom  do  sada  i sa  zadovoljstvom  zelimjos  mnogo  znanja  steci 
i naci  se  pred  mnogim  izazovima”,  konstatovale  jedna  od  ispitanika.  (iz  upitnika) 
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Grafikoni  4.  Odgovori  na  5.  i 10.  pitanje. 
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Svakako  i ovdje  je  uloga  nastavnika  presudna.  On  treba  podrzavatii  i poticati 
ucenika  u njihovoj  kreativnosti,  ali  i poteze  koji  mogu  imati  i nepovoljne  ishode, 
zbog  kojih  ucenici  ne  bi  trebali  imati  eventualne  probleme  zbog  svojih  stavova, 
sa  kojima  se  nastavnik  ponekad  i ne  slaze.  Ne  mogu  se  isprobavati  nove  stvari, 
ako  od  ucenika  trazimo  upotrebu  samo  uhodanih  formi  i klisea.  Naprotiv,  moramo 
im  dati  podrsku  u iznosenju  svih  mogucih  stavova,  vezanih  za  bilo  koji  problem, 
a onda  uciti  ih  da  analiziraju  sve  mogucnosti  i da  metodom  eliminiacije  dodu  do 
zeljenih  rezultata.  Nema  kreativnosti  i avanturizma  kod  ucenika,  ako  ih  budemo 
kocili  i kaznjavali  za  netacno  izrecene  stavove.  Tako  cemo  imati  “ziherase”  i 
“klimoglavce”  koji  nista  dobro  ne  mogu  donijeti  ni  sebi  ni  zajednici. 

Nastavnici  smatraju  da  su  za  njihov  uspjesan  rad  sa  ucenicima  nephodne  sli- 
jedece  karakteristike: 

- da  poznaje  predmet  koji  predaje, 

- da  je  sposoban  da  povezuje  matematiku  sa  drugim  predmetima, 

- da  voli  djecu, 

- da  poznaje  razvojne  probleme  djece, 

- da  zna  vise  od  prosjecnih  ljudi,  da  je  svestran  i dovitljiv, 

- da  ima  smisla  za  humor, 

- da  ima  jaku  volju, 

- da  razvija  pozitivne  meduljudske  odnose,  da  je  suptilan  i ljubazan, 

- da  vjeruje  svojim  ucenicima, 

- da  cijeni  neobicne  ideje, 

- da  dozvoljava  i police  samoinicijativu. 

Iz  ovih  osobina  proizilazi  da  nastavnici  veoma  cijene  one  osobine  svojih  kolega, 
koje  su  kompatibilne  sa  zahtjevima  sa pocetka  ovog  rada.  Narocito  zadnjih  nekoliko 
osobina  koje  nastavnici  najvise  cijene,  poticu  kod  ucenika  usmjeravanje  ka  razvoju 
pozitivnih  meduljudskih  odnosa,  odgovornosti,  te  kreativnosti  i nezavisnosti. 

Isto  istrazivanje  govori  i o pozeljnim  karakteristikama  nastavnika  sa  aspekta 
ucenika: 

- duhovitost,  odmjerenost  i stalozenost, 

- ozbiljnost,  prijatnosti  i ljubaznost, 

- kulturno  ponasanje,  otvorenost  i snalazljivost, 

- pazljivost,  saosjecajnost  i spremnost  za  prastanje, 

- pristupacnost,  skromnost  i da  se  lahko  ne  ljuti, 

- upornost,  radinost  i iskrenost, 

- zanimljivost  i duhovitost  u izlaganju, 

- ne  prekida  ucenike  kada  odgovaraju,  ne  cita  iz  knjiga  prilikom  preda- 
vanja, 

- pravilno  ocjenjuje,  cesto  ispituje  ucenike, 

- blago  ocjenjuje,  javno  daje  ocjenu  te  dozvoljava  ucenicima  da  se  koncentri- 
raju. 
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Ocito  je  da  ucennici  veoma  cijene  osobine  koje  promicu  otvorenost,  odm- 
jerenost,  ozbiljnost  i prijatnost,  sto  veoma  podstice  razvoj  odgovornosti  i postivanja 
ljudi,  uopce.  Interesantno  je  da  su  ucenicima  vaznije  te  osobinen  nastavnika,  od  nje- 
gove  usmjerenosti  na  gradivo  i permanentno  ocjenjivanje  ucennika.  Sagledavgajuci 
pozeljne  osobine  nastavnika  iz  oba  ugla,  moze  se  zakljuciti  da  posjedovanje  i konzu- 
miranje  vecine  njih,  garantuje  razvoj  i sticanje  pozeljnih  osobina  ucenika,  mladog 
covjeka.  Mogla  bi  se  napraviti  i funkcionalna  povezanost  izmedu  stavki  ova  dva 
skupa  osobina.  No,  to  bi  iziskivalo  puno  vise  vremena  i prostora.  Reklo  bi  se  da 
je  ovo  razmatranje  izvan  teme  rada,  ali  to  je  samo  prividno  tako.  Uz  ono  sto  se 
izucava,  kljucni  su  oni  koji  se  poducavaju  i oni  koji  poducavaju  ili  koordiniraju 
proces  izvodenja  nastave.  U svakom  slucaju,  osobine  iz  zadnjeg  podnaslova  su  u 
uskoj  povezanosti  sa  osobinama  i nacinom  rada  nastavnika,  te  stila  vodenja  ucenika 
u procesu  poducavanja.  Ne  moze  se  ocekivati  da  ucenici  gaje  tolerantnost  ako  je 
ne  dozivljavaju  od  svog  nastavnika  i tako  redom.  Ne  moze  se  reci  da  ucenici  nista 
ne  uce,  kada  je  to  u suprotnosti  sa  defmicijom  samog  ucenika,  gdje  je  u korijenu 
imena  glagol  uciti.  Tu  smo  mi  da  nademo  nove  strategije  ucenja,  koje  ce  uspjeti 
kod  ucenika  izazvati  vecu  mobilnost. 


Zakijucak  i preporuke 

Imajuci  u vidu  istrazivanje,  moze  se  zakljuciti  da  su  rezultati  pokazali  da  su 
studenti  zadovoljni  ili  veoma  zadovoljni  sa  dostignucem  skoro  svih  atributa  do- 
bro obrazovane  licnosti.  To  zadovoljstvo  je  visoko  ili  veoma  visoko  izrazeno  u 
opsegu  izmedu  70%  i 86%  po  svim  postavljenim  pitanjima.  Stoga  je  moguce 
ustvrditi  da  je  postavljena  hipoteza  potvrdena,  tj.  da  se  “nakon  zavrsetka  opceg 
obrazovanja,  u dovoljnoj  mjeri,  postizu  dobri  rezultati  u formiranju  kompetencija 
poMjne  licnosti”. 

Neke  bi  to  mozda  i zadovoljilo.  Medutim  odgovori  na  otvoreno  pitanje  sa 
slobodnim  komentarima  studenaata  ukazuju  na  oprez.  Moze  se  postaviti  pitanje  da 
li  bi  neka  druga  istrazivacka  metoda  npr.  intervjua  ili  upitnika  sa  otvorenim  pitan- 
jima, dala  iste  rezultate?  To,  svakako,  moze  ostati  nedoumica  i predmet  dodatnog 
istrazivanja.  No,  bitnije  je  pitanje  o tome  kako  bi  matematika  bila  od  vece  koristi 
u dostizanju  gore  postavljenih  zahtjeva. 

Imajuci  to  u vidu  se  daju  preporuke,  koje  su  nastale  kao  plod  proucavanja 
mnogih  teoreticara  i prakticara,  koje  mogu  bid  od  korissti  nastavnicima  matem- 
atike  u cilju  ucinkovitijeg  postizanja  gornjih  zahtjeva. 

Preporuke 

Moze  se  preporuciti  da  nastavnik  matematike  ne  mora  biti  okorjeli  znanstvenik 
i da  se  u nastavi  matematike  moraju  znanstvene  metode  staviti  u prvi  plan.  Dakle, 
prvo  trebamo  koristiti  heuristicko  (otkrivacko)  razmisljanje,  pretpostavke  i ideje 
kako  bismo  izgradili  i pripremili  teren  za  generalizaciju  ili  cak  izvodenje  pravih 
dokaza.  Usmjeravanje  na  iskazivanje  tvrdnji  i njihovo  dokazivanja,  bez  prethodnog 
ukorjenjavanja  toga  u ucenicku  kulturu,  nema  opravdanje,  ako  hocemo  da  od  njih 
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napravimo  samomislece  i korisne  clanove  zajednice.  U nastavi  matematike,  ucenici 
mogu  novo  gradivo  prvo  ispitivati  sa  svih  aspekata,  iznijeti  sve  svoje  stavove  vezane 
za  nastavno  gradivo,  a zatim  analizirajuci  sve  te  aspekte,  poopstavati  stvari  i poste- 
peno  prelaziti  na  “stroziji”  matematicki  nivo.  Ovakav  nacin  rada,  ucenicima  daje 
mogucnost  da  rade  vlastitim  tempom  te  da  se  vise  postuju  razlike  medu  ucenicima 
i njihovim  gledistima 

Nastava je  ziv  proces,  koji  se  ne  moze  u potpunosti  isplanirati  i kanalisati.  S vaki 
matematicki  problem  je  unikatan  i ima  svoj  pocetak  i kraj.  U svom  rjesavanju  se 
nailazi  na  nesto  otkrivacko  i stvaralacko.  Zato  je  potrebno  da  nastavnik  u svojim 
ucenicima  istinski  razvija  radoznalost,  te  sklonost  za  samostalan  umni  rad  i da  im 
ukazuje  na  putove  do  novih  otkrica,  kako  bi  oni  shvatili  da  “svi  putevi  vode  u Rim”. 
Kreativan  nastavnik  matematike  u kreativnoj  nastavi  ima  velike  izglede  da  kod 
svojih  ucenika  razvije  kreativne  osobine,  narocito  osjecaj  za  ucinkovito  nosenje  sa 
nepoznatim  stvarima  i izazovima. 

Samo  kukavice  rade  opci  slucaj.  Pravi  ucitelji  se  have  primjerima.  (Brueckler, 
2006) 

Opce  poznato  je  da  se  ucenici  uglavnom  ugledaju  na  svoje  nastavnike,  od  toga 
da  se  profesionalno  usmjeravaju  zbog  njih,  ili  oponasanjem  usvajaju  cak  i neke  nji- 
hove  karakteristike.  Dakle,  za  ucenike,  matematika,  kao  nauka,  bar  u vecoj  mjeri, 
nije  motiv  za  njeno  proucavanje.  Isti  autor  (Brueckler,  2006)  kaze  da  izreci  teorem 
i onda  ici  dalje  je  logicno,  ali  to  nije  poducavanje  jer  ne  doprinosi  razumijevanju. 
Nisu  dozvoljene  netacnosti,  ali  dozvoljena  su  pojednostavljenja.  Odnosno,  veci  je 
interes  upotrebljavati  induktivnu  nastavu  (od  jednostavnih  problema  i primjera  ka 
generalizaciji),  nego  deduktivni  pristup  (izricanje  tvrdnji,  formula,  a onda  njihova 
primjena),  jer  se  induktivnim  pristupom  u prvi  plan  stavlja  ucenik  i njegova  ak- 
tivnost  i kreativnost,  sto  vise  ide  u prilog  u postizanju  pozeljnih  osobina  i vjestina 
ucenika.  U principu  je  vazno  ucenike  pridobiti  za  interes  za  matematikom. 

Nastavnici  su  “najveci  krivci”  za  ucenikovo  interesovanje  za  matematikom. 
Oni  pokrecu  ucenike  da  se  have  matematikom,  svojim  ponasanjem  znaju  preni- 
jeti  na  ucenike  odgovornost,  odnos  prema  radu,  postivanje,  slusanje  drugih, 
prilagodijivost,  isprobavanje  novih  stvari,  tolerantnost  i druge  veoma  vazne 
osobine  koje  su  kljucne  za  davanje  pecata  u razvoju  ljudske  licnosti. 

Zato  bi  nastavnik  trebao  znati  razlicitim  metodama  zainteresirati  ucenike  da 
usvoje  (a  ne  nauce  napamet)  sve  predvideno  gradivo  i tako  steknu  odgovarajuci 
nivo  znanja  i vjestina  iz  matematike.  Ukratko,  pozeljana  nastavnik,  u tom  slucaju, 
bi  trebao  bid: 

• uspjesan  motivator, 

• da  se  svida  svojim  ucenicima, 

• da  mu  vjemju  i da  ga  se  ne  boje, 

• da  ucenici  uoce  njegovo  zalaganje  za  njihovo  dobro, 

• da  im  ne  prijeti  negativnim  ocjenama, 

• da  pismeni  ispiti  ne  budu  jedino  mjerilo  za  ocjenjivanje  njihovog  znanja, 

• da  na  ucenike  prenosi  i odgojne  vrijednosti. 
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• da  redovno  prate  sto  se  zbiva  u znanosti  i pedagoskoj  praksi, 

• da  zna  pripremati  “teren”  za  formiranje  novih  pojmova  i da  ih  analizira  sa 
svojim  ucenicima,  umjesto  da  se  same  bavi  defmicijama  i teoremama. 

Ako  nastavnik  stalno  upotrebljava  iste  strategy  e poducavanja, 
a ucenik  je  stalno  neuspjesan,  ko  od  njih  dvojice,  ustvari,  sporo  uci? 

Eric  Jensen 

Osim  toga,  udzbenici  znaju  ograniciti  nastavnika  u primjeni  kreativnih  pris- 
tupa.  Kreativnost  nastavnika  matematike  cesto  trpi  zbog  pretjeranog  oslanjanja 
na  nacin  obrade  matematickih  sadrzaja  u udzbenicima  (Kurnik,  2008).  Zato  je 
potrebno  da  se  strategije  ucenja  rade  zajedno  sa  ucenicima  koji  znaju  koristiti 
i druge  izvore.  Ukratko,  treba  treba  zaboraviti  na  stereotipove  o tradicionalnoj 
nastavi  i izvodenju  sata  obrade:  uvod,  ponavljanje  potrebnog  obradenog  gradiva, 
glavni  dio  sa  obradom  nepoznatih  sadrzaja,  te  zavrsni  dio  sa  utvrdivanjem  predenog 
gradiva  i zadavanjem  domace  zadace.  Umjesto  toga,  nastavnicima  se  preporucuje 
da: 

• otvoraju  problemsku  situaeiju  u kojoj  ce  se  nenametljivo  ponoviti  potrebno 
gradivo  za  novu  lekeiju, 

• pokazuju  zgode  ilustracije  i primjere, 

• zadaju  motivacijske  zadatke, 

• problem  prikazuju  sa  ociglednim  primjerima, 

• daju  neki  zanimljivi  podatak  iz  povijesti,. . . 

Nastavnik  se  treba  sjetiti  svog  ucenickog  staza.  Treba  raditi  drugim  ljudima 
ono  sto  bi  volio  da  drugi  rade  njemu  ili,  tacnije,  da  radi  djeci  ono  sto  bi  volio  da 
drugi  rade  njegovoj  djeci  - ucenicima. 

Pored  navedenih  preporuka,  moze  bid  od  koristi  i slijedece: 

• treba  dozirati  predavacku  nastavu  (ucenik  nije  “magacin”  za  punjenje  znan- 
jem), 

• smisljeno  treba  koristiti  razne  nastavne  metode  (osmisljeni  obrazac  ponasanja 
i djelovanja  s ciljem  olaksavanja  ucenja  i poboljsavanja  ishoda  ucenja), 

• vecu  paznju  davati  ociglednosti  i primjenjivosti  u nastavi, 

• treba  znati  da  je  nastavni  sat  kreativna  etapa  nastavnog  procesa, 

• da  svaki  ucenik  treba  biti  aktivni  sudionik  u nastavi, 

• da  je  vrlo  djelotvorno  saradnicko  ucenje  u grupama  ili  u parovima, 
te  u projektima  grupe  pretvarati  u timove,  sa  njegovanjem  prihvatljive 
meduvrsnjacke  korespodeneije,  iznosenja  stavova  koristeci  snagu  argume- 
nata,  a ne  argumente  autoriteta  i moci, 

• uspjesno  poducavanje  se  moze  opisati  kao  "organizirani  kaos”, 

• da  ucenici  pokazuju  veci  interes  za  ucenje  kada  se  upotrebljavaju  nove 
tehnologije,  cime  se  postize  eleganeija  u rjesavanju  zadataka  gdje  se  ucenici 
upucuju  da  to  uocavaju  i koriste. 
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• treba  ucenike  ohrabrivati  pohvalama  i prijateljski  se  odnositi  prema  njima, 

• ne  dopustiti  da  ucenici  “zaglibe”  s negativnom  ocjenom,  vec  im  dopustiti 
da  “ispravljaju”  dio  po  dio  gradiva. 

Kako  je  vec  receno,  timski  rad  je  veoma  znacajan  za  uspjesan  rad  i dobru 
komunikaciju.  Jasno  je  da  svaka  grupa  nije  tim,  pogotovo  onaj  uspjesni.  Uspjesne 
timove  karakterise: 

• jasno  i transparentno  defmirani  opci  i specificni  ciljevi 

• uspjesan  voditelj, 

• pojedinacna  i zajednicka  odgovornost, 

• postivanje  razlika, 

• otvorena  komunikacija, 

• efikasno  donosenje  odluka, 

• medusobno  povjerenje, 

• konstmktivno  rjesavanje  konflikata  (Miljkovic  i Rijevac,  2005), 

iz  cegaje  jasno  da  pravilno  koristenje  timskog  rada  u nastavi  matematike  moze 
kod  ucenika  razviti  veoma  pozeljne  karakteristike  sa  pocetka  ovog  teksta. 

Mnogi  nastavnici  kazu  da  njihove  ucenike  nista  ne  interesuje,  da  su  nemirni  i 
td.  To  je  mozda  samo  djelimicno  tacno.  Sama  rijec  “ucenik”  je  nastala  od  rijeci 
“uciti”.  Prije  se  treba  upitati  sta  je  sa  nastavnim  programom  ili  nasim  metodama 
poducavanja.  U takvim  slucajevima  se  nastavnicima  preporucuje  da  se  koriste 
umjesnim  nastavnim  metodama  i da  se  profesionalno  ponasaju.  Dobro  isplanirane 
nastavne  aktivnosti,  koje  ce  poticati  i odrzavati  ucenicku  paznju,  nastavnikovo  zan- 
imanje,  skoro  zanos  (“uzivljenost”)  za  posao  koji  obavlja,  te  osjetljivost  nastavnika 
za  uzajamno  postovanje  i razumijevanje  ce  zasigurnio  dati  odredene  rezultate  u 
mobilisanju  ucenika  u procesu  poducavanja,  jer  nastavnik  koji  voli  ono  sto  predaje 
prenosi  entuzijazam  na  ucenike  (Kovac,  2010). 
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Kljucne  rijeci:  misljenje  nastavnika,  osnovne  vskole,  nastava 
matematike,  matematicka  kompetencija,  ucenicke  aktivnosti,  nastavna 
sredstva  i pomagala 

Prezentacija  se  zasniva  na  rezultatima  empirijskog  istrazivanja  o nastavnickoj 
percepciji  nastave  matematike  u osnovnim  skolama  u Hrvatskoj.  Istrazivanje  je 
provedeno  2010.  god.  na  reprezentativnom  uzorku  od  625  nastavnika  iz  cijele 
Hrvatske  primjenom  anketnog  upitnika.  Upitnik  se  sastojao  pretezno  od  pitanja 
zatvorenog  tipa  kojima  su  nastavnicke  procjene  i uvjerenja  o nastavi  matematike 
mjereni  Likertovim  skalama  od  pet  stupnjeva  te  od  manjeg  broja  pitanja  otvorenog 
tipa. 

Rezultati  istrazivanja  indieiraju  na  prevaleneiju  tradieionalnog  pristupa  nas- 
tavi matematike  u odnosu  na  suvremeni  (konstruktivisticki)  u vecini  ispitivanih 
dimenzija  nastave  matematike  kao  sto  je  razumijevanje  matematicke  kompetencije 
ucenika,  primjena  nastavnih  metoda  i nastavnih  sredstava  te  stav  prema  nastavi 
matematike.  Kada  je  rijec  o videnju  matematicke  kompetencije  podaci  pokazuju 
da  nastavnici  pri  procjeni  ucenickih  postignuca/ishoda  koji  opisuju  matematicku 
kompetenciju  manju  vaznost  pridaju  onim  postignucima  koja  su  karakteristicna  za 
suvremeni  koncept  matematicke  kompetencije  (PISA)  nego  tradicionalnim.  Npr. 
samo  je  13%  do  18%  nastavnika  odgovorilo  da  medu  pet  najvaznijih  ishoda  spada 
ucenicko  argumentiranje  vlastitih  ideja  o matematickim  pojmovima  i pstupcima, 
kriticko  promisljanje  matematickih  pojmova  i postupaka  te  medusobno  komuni- 
ciranje  vlastitih  ideja  i rezultata,  dok  je  tradicionalnim  ucenickim  postignucima 
pridat  veci  znacaj  - 32%  do  35%  nastavnika  je  medu  najznacajnije  ucenicke  ishode 
ubrojilo  njihov  marljiv  i savjestan  rad  na  nastavi,  stjecanje  sigurnosti  u rjesavanju 
osnovnih  tipova  matematickih  zadataka  i savladavanje  nastavnog  programa. 

Prevalencija  tradicionalnih  obiljezja  nastave  matematike  vidljiva  je  i iz  po- 
dataka  o primjeni  nastavnih  metoda  i nastavnih  sredstava  u nastavi.  Podaci 
pokazuju  da  ucenici  na  nastavi  matematike  najcesce  rjesavaju  zadatke:  vjezbaju 
zadatke  slicne  zadacima  koji  ce  biti  na  ispitu  (M  = 4.21,  SD  = .73),  rjesavaju 
zadatke  postupcima  koje  im  je  pokazao  njihov  nastavnik  (M  = 4.19,  SD  = .55), 
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na  svome  mjestu  rjesavaju  standardne  zadatke  (M  = 4.08,  SD  = .67),  dok  na- 
jrjede  samostalno  eksperimentiraju  i istrazuju  matematicke  pojmove  i zakonitosti 
(M  = 2.43,  SD  = .75),  pismeno  obrazlazu  vlastite  ideje  i zakljucke  (M  = 
2.46,  SD  = .92),  samostalno  rade  svoje  ucenicke  projekte  (M  = 2.73,  SD  = .81). 
Slicno  je  i s nastavnim  sredstvima  i pomagalima  - najcesce  se  koriste  tradicionalna 
sredstva  kao  sto  su  udzbenici  i prirucnici,  a najrjede  informacijsko-komunikacijska 
tehnologija  (ICT). 

Indikativno  je  da  su  stariji  nastavnici  i nastavnici  s visim  obrazovanjem  skloniji 
primjeni  suvremenih  nastavnih  metoda  i nastavnih  sredstava  nego  oni  mlade  dobi 
(posebice  oni  u dobi  do  29  godina  starosti)  i s visokimm  (fakultetskim  obrazovan- 
jem). Izuzetak  je  primjena  ICT,  koju  cesce  koriste  mladi  nastavnici.  Ove  razlike 
tumacimo  duljim  radnim  iskustvom  i opseznijim  pedagoskim  obrazovanjem  starijih 
nastavnika,  za  razliku  od  mladih  generacija  sa  zavrsenim  nastavnickim  fakultetima 
u cijem  je  skolovanju  akcent  bio  na  matematickom  obrazovanju. 
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Sazetak.  U zadnjih  nekoliko  godina  Hrvatska  je  ostala  bez  niza 
uglednih  matematicara  koji  su  dali  veliki  doprinos  nastavi  matematike 
u Hrvatskoj.  Taj  doprinos  mozemo  gmbo  podijeliti  u dvije  bitno 
razlicite,  ali  ipak  nerazdvojne  cjeline. 

Dva  su  matematicka  velikana  - prof.  dr.  Svetozar  Kurepa  ( 1929.  - 
2010.)  i prof.  dr.  KresimirHorvatic  (1930.-2008.)  na  ovim prostorima 
(Osijeku)  pokrenuli,  organizirali  i koordinirali  provedbu  i realizaciju 
dopunskoga  studija  iz  matematike  nastavnoga  smjera  sedamdesetih 
i osamdesetih  godina  prosloga  stoljeca  ispred  Matematickoga  odjela 
Prirodoslovno-matematickoga  fakulteta  iz  Zagreba.  Dopunskim  studi- 
jem  stotinjak  je  polaznika  steklo  visoku  strucnu  spremu  i diplomu 
ucitelja  matematike.  Time  je  ucinjen  dalekosezni  poticaj  strucnom, 
znanstvenom  i gospodarskom  zamahu  na  prostorima  Slavonije,  Baranje 
i dijelu  Bosne  i Hercegovine. 

Dmgu  skupinu  matematicara  ponajprije  cemo  pamtiti  po  sjajnim 
knjigama,  casopisima,  provedbi  matematickih  natjecanja,  kvizova  te 
drugih  aktivnosti  s ciljem  popularizacije  matematike,  ali  i znanstvenoga 
doprinosa  nastavi  matematike.  To  su  profesor  Boris  Pavkovic  (1931.- 
2006.)  i akademik  Stanko  Bilinski  (1909.-1998.),  zatim  Dominik 
Palman  (1924.-2006.)  i Zdravko  Kurnik  (1937.-2010.),  redom 
profesori  s Matematickoga  odjela  Prirodoslovno-matematickoga  fakul- 
teta u Zagrebu.  Posebna  zahvala  pripada  i osebujnoj  osobi  - 
matematicaru,  knjizevniku  i japanologu,  koji  je  radio  na  Fakultetu 
strojarstva  i brodogradnje  prof.  dr.  sc.  Vladimiru  Devideu  (1925.- 
2010.).  Zaljubljenik  u matematiku  i umjetnost  uvijek  je  nalazio 
vremena  pisati  za  najmlade. 


Organizacijski  odbor  zeli  reci  hvala  velikim  uciteljima  matem- 
atike ! 


Kontakt  adrese: 


Ana  Katalenic,  asistent 
Uciteijski  fakultet  u Osijeku 
Sveuciliste  J.  J.  Strossmayera 
Ulica  cara  Hadrijana  b.b.,  HR-31  000,  Osijek 
e-mail:  akatalenic@ufos.hr 


Damir  Tomic,  asistent 
Uciteijski  fakultet  u Osijeku 
Sveuciliste  J.  J.  Strossmayera 
Ulica  cara  Hadrijana  b.b.,  HR-31  000,  Osijek 
e-mail:  dtoinic@ufos.hr 
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(Travnik,  2.  2. 1937.  - Zagreb,  25.  7.  2010.) 
svestrani  hrvatski  matematicar 


Mirko  Polonijo  i Sanja  Varosanec 

Matematicki  odsjek,  Prirodoslovno-matematicki  fakultet,  Sveuciliste  u Zagrebu,  Hrvatska 


Prof.  dr.  sc.  Zdravko  Kurnik  na  Prvom  medunarodnom  skupu 
MATEMATIKA  I DJETE  u Osijeku,  13.  travnja  2007.  god. 

Prije  cetiri  godine,  u Osijeku  je  13.  travnja  2007.  odrzan  Prvi  medunaro- 
dni  znanstveni  kolokvij  Matematika  i dijet e u organizaciji  Uciteljskog  fakulteta  i 
Odjela  za  matematiku  Sveucilista  J.  J.  Strossmayer.  Tema  skupa  je  bila  kako  uciti 
i poucavati  matematiku.  Ocekivano  i s velikim  zanimanjem  svih  sudionika  skupa, 
svojim  izlaganjem  sudjelovao  je  prof.  dr.  sc.  Zdravko  Kurnik,  najznacajniji  hrvatski 
metodicar  matematike.  Naslov  njegova  izlaganja  je  bio  “Znanstveni  okviri  nastave 
matematike”,  tema  koja  ga  je  dugo  zaokupljala  i koja  je  u njegovim  promisljan- 
jima  i cjelokupnom  opusu  zauzimala  sredisnje  mjesto.  Dokazuje  to  i upravo  isti 
takav  naslov  knjige  prof.  Z.  Kurnika  objavljene  2009.  u biblioteci  Metodika  nas- 
tave matematike  u izdanju  zagrebackog  Elementa.  Trebala  je  to  biti  prva  u nizu 
knjiga  iz  metodike  matematike.  U njima  je  prof.  Z.  Kurnik  zelio  okupiti  mnoge 
svoje  objavljene  tekstove  i buduca  promisljanja  posvecena  metodici  nastave,  tom 
vaznom  a cesto  zanemarenom  i u nas  nedovoljno  priznatom  podrucju  matematike. 
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Na  veliku  zalost  cijele  nase  matematicke  zajednice,  u Ijeto  2010.  godine  prof. 
Zdravko  Kurnik  je  iznenada  preminuo.  Njegov  prerani  i neocekivani  odlazak  iza- 
zvao  je  mnogobrojne  dojmljive  usmene  i pismene  reakcije,  prepune  postovanja  i 
zahvalnosti.  Znajuci  i poznavajuci  koliko  je  toga  napravio  za  hrvatsku  matematicku 
“obitelj”,  posebice  za  poucavanje  matematike,  jasnije  utemeljivanje  i defmiranje 
metodike  matematike  te  za  popularizaciju  matematike  na  svim  razinama  i kroz  dugi 
niz  godina,  svi  ostajemo  impresionirani  postignucima  profesora  Kurnika. 

Zdravko  Kurnik  je  diplomirao  1960.  godine  i nakon  trogodisnjeg  rada  na  gim- 
naziji  dolazi  u Geometrijski  zavod  Prirodoslovno-matematickog  fakulteta  Sveucilista 
u Zagrebu,  na  poziv  tadasnjeg  predstojnika,  profesora  Stanka  Bilinskog. 

Magistrirao  je  1968.  temom  Teorija  mjerenja  sadrzine  u neeuklidskoj  ge- 
ometriji  a doktorirao  1989.  temom  Granicne  vrijednosti  za  krivulje  u euklidskim 
i neeuklidskim  prostorima.  Strucno  se  usavrsavao  u Bonnu  na  podrucju  Rieman- 
nove  geometrije  pod  vodstvom  poznatog  geometricara  profesora  W.  Klingenberga. 
Bavio  se  diferencijalnom  geometrijom,  te  geometrijom  euklidskog  i neeuklidskih 
prostora. 

U nastavnoj  djelatnosti  izradio  je  programe  i izvodio  niz  kolegija:  Konstruk- 
tivna  geometrija,  Euklidski  prostori,  Pedagogija  matematike,  Metodika  nastave 
matematike  I,  11,  Seminar  iz  matodike  nastave  matematike  11,  Nacrtna  geometrija, 
Elementarna  matematika,  Metodika  pocetne  nastave  matematike.  Bio  je  voditelj 
Katedre  za  metodiku  i racunarstvo  od  1994.  do  umirovljenja  2002. 

Interes  za  metodicka  pitanja  ucenja  i poucavanja  matematike  prof.  Zdravko 
Kurnik  iskazivao  je  vec  od  pocetka  svoga  nastavnickog  rada.  Primjerice,  bio  je  vrlo 
aktivan  u organiziranju  skupa  GlRP-12  godine  1983.  kada  se  sastanak  te  medunaro- 
dne  grupe  za  istrazivanja  u podrucju  pedagogije  matematike  (GIRP  = franc.  Groupe 
international  de  recherche  en  pedagogic  de  la  mathematique)  odrzavao  u Zadru. 
Medutim,  upravo  razdoblje  od  1995.  do  njegove  prerane  smrti  karakterizira  inten- 
zivan  rad  prof.  Z.  Kurnika  u podrucju  metodike  nastave  matematike.  Neumorno  i 
ustrajno  se  tada  bavi  pitanjima  unapredenja  i osuvremenjivanja  nastavnog  procesa, 
cjelozivotnog  obrazovanja  nastavnika  matematike,  rada  s naprednijim  ucenicima  i 
popularizacijom  matematike. 

Stalni  mu  je  cilj  bio  usustaviti  metodiku,  uciniti  je  jasnom  i preglednom. 
Istodobno,  uvijek  je  naglasavao  svoje  misljenje  da  je  od  strane  nasih  matematicara 
nedovoljno  priznata  vaznost  metodike  matematike.  To  ga  je  “gonilo”  da  jos  ustra- 
jnije  pise  i govori  o temama  matematicke  edukacije.  Posljedica  takvih  pogleda  i 
stremljenja  prof.  Z.  Kurnika  i njegova  neumornog  rada  veliki  je  broj  publikacija, 
mnostvo  knjiga  i clanaka,  te  originalnih  doprinosa  u organiziranju  i oblikovanju 
rada  s uciteljima  i profesorima  matematike  te  njihovim  ucenicima. 

Vise  nego  zasluzeno  i opravdano  profesor  Zdravko  Kurnik  je  dobio  drzavnu 
Nagradu  “Ivan  Filipovic”  za  2006.  godinu  za  zivotno  djelo  u podrucju  znanstvenog 
i strucnog  rada. 

A stigao  je  mnogo  i uspjesno  pisati  i izvan  podrucja  matematike.  Objavio  je  tri 
knjige  aforizama  znakovitih  naslova  {Na  ostrici  rijeci,  Otkucaji  srca,  Budno  oko). 
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dobio  osam  nagrada  u Japanu  za  svoje  haiku  pjesme,  a upravo  je  u 2010.  godini 
“navrsio”  60  godina  priznatog  enigmatskog  rada. 

Profesor  Zdravko  Kurnik  je  u radu  i suradnji  bio  neumoran,  sistematican  i 
precizan,  uredan  i u svakom  pogledu  istinoljubiv,  savjestan  i svestran.  Uvijek  s 
matematikom  u tezistu,  usredotocen  na  one  aspekte  matematike  i matematickog 
djelovanja  koji  se  ponekad  ne  smatraju  znanstveno  najvaznijima.  Istodobno  s 
mnogim  interesima  izvan  matematickih  granica.  Bio  je  smiren  ali  uporan  i tem- 
peramentan  u odbrani  vlastitih  stavova  i gledanja.  Nezaobilazno  zvan  i pozivan  na 
sve  “nase”  skupove  u bilo  kojoj  vezi  s nastavom  matematike. 

Pamtit  ce  se  metodicki  radovi  profesora  Zdravka  Kurnika,  njegove  knjige  i 
mnogobrojni  tekstovi  koji  ce  i dalje  motivirati  i koji  ce  se  jos  dugo  navoditi,  prepi- 
sivati,  doradivati,  “prepravljati”  pa  s vremenom,  nije  iskljuceno,  i potpisivati.  Malo 
tko  ce  imati  strpljivosti  pokusati  tu  slozenu  problematiku  metodike  matematike  sis- 
tematizirati  i obuhvatiti  njegovom  strpljivoscu  i minucioznoscu.  Malo  tko  ce  imati 
sposobnosti  i znanja  to  uciniti.  Malo  tko  ce  to  moci  s njegovom  strascu,  voljom  i 
marom  realizirati. 

Lik  i djelo  profesora  Zdravka  Kurnika  trajati  ce  i dalje  kroz  sve  nas  koji 
smo  ga  poznavali,  voljeli  i cijenili,  ali  i puno  vise  od  toga,  i puno  trajnije,  trajat 
ce  kroz  bezbrojne  stranice  njegovih  raznovrsnih  tekstova  i uradaka,  kroz  njihovu 
sadrzajnost,  raznolikost  i neprikosnovenu  kvalitetu. 

Detaljnije  informacije  o zivotu  i radu  profesora  dr.  sc.  Z.  Kurnika  mogu  se 
naci  u sveobuhvatnom  clanku  Sanje  Varosanec  i Vladimira  Voleneca  {Glasnik 
matematicki-Prilozi  45(65)(2010),  u tisku),  te  nadahnutim  i znalackim  tekstovima 

Branimira  Dakica  {Matematika  i skola  br  56  (2010),  str.  2-6;  Matematika  i 
skola  br.  43  (2008),  str.  142-143,  Matematika  i skola  br  16  (2002),  str.  38-41)  i 
Sandre  Gracan,  Matematika  i skola  br.  56  (2010),  str.  7). 

S.  Varosanec  je  u spomenutom  clanku  priredila  popis  matematickih  publikacija 
koje  je  objavio  prof.  dr.  sc.  Zdravko  Kurnika  i ovdje  taj  popis  prenosimo  kako  hi 
bio  dostupan  sirem  matematickom  citalackom  krugu. 


Popis  matematickih  znanstvenih  i strucnih  knjiga  i cianaka 
prof.  dr.  sc.  Zdravka  Kurnika 


[1]  Z.  Kurnik,  Analogon  einer  Verallgemeinerung  des  Pythagoreischen  Satzes  in  nich- 
teuklidischen  Rdumen,  Glasnik  Matematicki  2 (22)  (1967),  83-89. 

[2]  Z.  Kurnik,  Einige  Betrachtungen  ilber  das  Sehnenviereck  in  der  hyperbolischen 
Geometric,  Glasnik  Matematicki  2 (22)  (1967),  91-97. 

[3]  Z.  Kurnik,  V.  Volenec,  Die  Verallgemeinerungen  des  Ptolemdischen  Satzes  and 
einiger  seiner  Analoga  in  der  euklidischen  und  den  nichteuklidischen  Geometrien, 
Glasnik  Matematicki  2 (22)  (1967),  213-243. 
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[4]  Z.  Kurnik,  V.  VOLENEC,  Neue  Verallgemeinerungen  der  Ptolemdischen  Relationen 
in  der  euklidischen  and  den  nichteuklidischen  Geometrien,  Glasnik  Matematicki  3 
(23)  (1968),  77-86. 

[5]  Z.  Kurnik,  Die  Summe  der  Projektionen  eines  Vektors  auf  die  Seiten  des  reguldren 
Simplex  im  euklidischen  Raum,  Glasnik  Matematicki  3 (23)  (1968),  87-94. 

[6]  Z.  Kurnik,  Die  Summe  der  Projektionen  eines  Vektors  und  die  reguldren  Polytope, 
Glasnik  Matematicki  5 (25)  (1970),  129-139. 

[7]  Z.  Kurnik,  V.  Volenec,  liber  die  begleitenden  Dreibeine  der  Raumkurve,  Glasnik 
Matematicki  6 (26)  (1971),  129-142. 

[8]  Z.  Kurnik,  V.  Volenec,  Einige  analytische  Formeln  des  Raumes  E",  Glasnik 
Matematicki  7 (27)  (1972),  255-268. 

[9]  Z.  Kurnik,  Zwei  Grenzwerte  fur  ebene  Kurven,  Glasnik  Matematicki  8 (28)  (1973), 
113-119. 

[10]  Z.  Kurnik,  Eine  Verallgemeinerung  des  Satzes  von  N.  Abramescu  fiir  Kurven  der 
isotropen  Ebene,  Berichte  der  Math.-  Statist.  Sektion,  Forschungszentrum  Graz,  Nr 
241  (1985),  1-6. 


[11]  Z.  Kurnik,  D.  Palman,  B.  Pavkovic,  Zadaci  iz  nacrtne  geometrije.  Mongeova 
projekcija,  Tehnicka  knjiga,  Zagreb,  1973. 

[12]  Z.  Kurnik,  V.  Volenec,  Matematika  2,  udzbenikza  2.  razred  srednjih  skola,  Skolska 
knjiga,  Zagreb,  1 1 izdanja  od  1974.  do  1984. 

[13]  Z.  Kurnik,  V.  Volenec,  Matematika  2,  zbirka  zadataka  za  2.  razred  srednjih  skola, 
Skolska  knjiga,  Zagreb,  1 1 izdanja  od  1974.  do  1984. 

[14]  Z.  Kurnik,  S.  Kurnik,  Natjecemo  se  u znanju  matematike  2,  Skolska  knjiga,  Zagreb, 
1978. 

[15]  L.  Celikovic,  Z.  Kurnik,  Matematicka  natjecanja  srednjoskolaca  u SERJ  u 1988. 
godini,  DMM  Pitagora,  Beli  Manastir,  1988. 

[16]  Z.  Kurnik,  Algebarska  metoda  rjesavanja  konstruktivnih  zadaca,  DMM  Pitagora, 
Beli  Manastir,  1990. 

[17]  Z.  Kurnik,  Zadatci  s vise  nacina  rjesavanja,  Hrvatsko  matematicko  drustvo,  Zagreb, 
2004. 

[18]  Z.  Kurnik,  Nejednakosti,  Hrvatsko  matematicko  drustvo,  Zagreb,  2004. 

[19]  Z.  Kurnik,  Diofantskejednadz.be,  Hrvatsko  matematicko  drustvo,  Zagreb,  2007. 

[20]  Z.  Kurnik,  13  metodickih  radionica,  Hrvatsko  matematicko  drustvo,  Zagreb,  2007. 

[21]  Z.  Kurnik  (urednik),  Matematicka  natjecanja  u Republici  Hrvatskoj  1992.—  2006., 
Hrvatsko  matematicko  drustvo,  Zagreb,  2007. 

[22]  Z.  Kurnik,  Zabavna  matematika.  Element,  Zagreb,  2009. 

[23]  Z.  Kurnik,  Znanstveni  okviri  nastave  matematike.  Element,  Zagreb,  2009. 
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[24]  Z.  Kurnik,  Posebne  metode  rjesavanja  matematickih  problema.  Element,  Zagreb, 
2010. 


[25]  Z.  Kurnik,  Geometrijske  aproksimacije,  Matematicko-fizicki  list,  1 (1965/66),  1-7. 

[26]  Z.  Kurnik,  Vektori  u geometriji,  Matematicko-fizicki  list,  1 (1966/67),  8-15. 

[27]  Z.  Kurnik,  Zivot  i djelo  Leonharda  Eulera  (1707.-1783.),  Matematicko-fizicki  list 

1 (1983/84),  1-6. 

[28]  Z.  Kurnik,  Iz  d’Alembertovog  stvaralastva,  Matematicko-fizicki  list  2 (1983/84), 
44-50. 

[29]  Z.  Kurnik,  Jean  Le  Rond  d’Alembert  (1717.-1783.),  Matematika  3 (1983),  75-80. 

[30]  Z.  Kurnik,  Analiza  i sinteza  u nastavi  matematike,  Matematika  4 (1983),  13-27. 

[31]  Z.  Kurnik,  Kako  se  dokazuju  algebarske  nejednakosti,  Bilten  2,  Regionalni  seminar 
iz  matematike  za  nastavnike  osnovnih  i srednjih  skola  Slavonije  i Baranje,  Zvecevo 
1990. 

[32]  Z.  Kurnik,  Neke  posebne  metode  rjesavanja  matematickih  problema,  Bilten  seminara 
iz  matematike  za  nastavnike-mentore  1,  (1991). 

[33]  Z.  Kurnik,  Geometrijske  konstrukcije  I,  Zbornik  1.  susreta  nastavnika  matematike 
Republike  Hrvatske,  3-6,  Hrvatsko  matematicko  drustvo,  Zagreb,  1992. 

[34]  Z.  Kurnik,  Nikolaj  Ivanovic  Lobacevski  (1792.-1856.)  i otkrice  neeuklidske  ge- 
ometry e,  Matematicko-fizicki  list  2 (1992/93),  57-65. 

[35]  Z.  Kurnik,  Dirichletov princip,  Bilten  seminara  iz  matematike  za  nastavnike-mentore 
2,  Hrvatsko  matematicko  drustvo,  Zagreb,  (1993),  9-16. 

[36]  Z.  Kurnik,  Rene  Descartes  (1596.-1650.),  Matka  18  (1996),  73-78. 

[37]  Z.  Kurnik,  Visine  tetraedra,  Bilten  seminara  iz  matematike  za  nastavnike-mentore 
5,  Hrvatsko  matematicko  drustvo  i Element,  Zagreb,  (1996),  80-85. 

[38]  Z.  Kurnik,  Rene  Descartes  (1596.-1650.)  i njegovo  djelo,  Matematicko-fizicki  list 

2 (1996/97),  73-78. 

[39]  Z.  Kurnik,  Eulerove  sfere  ortocentrickog  tetraedra,  Bilten  seminara  iz  matematike 
za  nastavnike-mentore  7,  Hrvatsko  matematicko  drustvo  i Element,  Zagreb,  (1998), 
92-98. 

[40]  Z.  Kurnik,  Descartesova  metoda  - problemi  i jednadzbe,  Bilten  seminara  iz  matem- 
atike za  nastavnike-mentore  8,  Hrvatsko  matematicko  drustvo  i Element,  Zagreb, 
(1999),  53-55. 

[41]  Z.  Kurnik,  Descartesova  metoda  - problemi  i jednadzbe,  Matematika  i skola  1 
(1999),  10-17. 

[42]  Z.  Kurnik,  Posebne  metode  rjesavanja  matematickih  problema,  Zbornik  radova 
strucno-metodickog  skupa,  HMD-Podruznica  Istra,  Rovinj,  (1999),  77-91. 

[43]  Z.  Kurnik,  Analiza,  Matematika  i skola  2 (1999),  54-64. 

[44]  Z.  Kurnik,  Analogija,  Matematika  i skola  3 (2000),  101-109. 
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[45]  Z.  Kurnik,  Generalizacija,  Matematika  i skola  4 (2000),  147-154. 

[46]  Z.  Kurnik,  Logicki  zadaci,  Bilten  seminara  iz  matematike  za  nastavnike-mentore  9, 
Hrvatsko  matematicko  drustvo  i Element,  Zagreb,  (2000),  60-73. 

[47]  Z.  Kurnik,  Indukcija,  Matematika  i skola,  5 (2000),  197-203. 

[48]  Z.  Kurnik,  Suwemena  metodika  i nastava  matematike,  Zbornik  radova  1 . kongresa 
nastavnika  matematike  Republike  Hrvatske,  Hrvatsko  matematicko  drustvo,  Zagreb, 
(2000),  187-201. 

[49]  Z.  Kurnik,  Apstrakcija,  Matematika  i skola  6 (2000),  11-15. 

[50]  Z.  Kurnik,  Rene  Descartes,  Matematika  i skola  6 (2000),  26-29. 

[51]  Z.  Kurnik,  Matematicki  zadatak,  Matematika  i skola  7 (2000),  51-58. 

[52]  Z.  Kurnik,  Poucak  Hi  teorem,  Matematika  i skola  8 (2001),  101-105. 

[53]  Z.  Kurnik,  175  godina  od  otkrica  neeuklidske  geometrije,  Matematika  i skola  8 
(2001),  129-132. 

[54]  Z.  Kurnik,  Dokaz,  Matematika  i skola  9 (2001),  149-155. 

[55]  Z.  Kurnik,  Metode  rjesavanja  diofantskih  jednadzbi,  Bilten  seminara  iz  matematike 
za  nastavnike-mentore  10,  Hrvatsko  matematicko  drustvo,  Zagreb,  (2001),  58-67. 
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